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ABSTRACT
MEASURING TECHNICAL EFFICIENCY DIFFERENTIALS OF 
COTTON FARMERS IN PAKISTAN 
Aguir, Sabeur
M. A., In Department of Economics 
Supervisor: Assoc. Prof. Dr. Syed F. Mahmud 
September 2000
This thesis examines the technical efficiency differentials of production of cotton farmers 
in the two provinces, Sind and Punjab, of Pakistan. Both parametric and semi-parametric 
stochastic frontier models were u.sed to inve.stigate the relationships that might exist 
between the farm size, the educational background, the ownership status and farmers' 
efficiency. The results of both of the models show that farm size plays an important role 
in measuring the efficiency of farmers. Increasing farm size in Punjab decreases 
inefficiency whereas farms should be smaller in Sind to be more effective. Education was 
found to decrease inefficiency in Punjab whereas it is counterproductive in Sind. Owner- 
operated farms of Punjab are more efficient. The results of this thesis warrants need for 
major structural reforms in order to increase productivity in the agriculture sector of 
Pakistan.
Keywords: Stochastic Frontiers, Production Functions, Semi-parametric Estimation, 
Technical Efficiency, Pakistani Agriculture.
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ÖZET
PAKİSTAN PAMUK ÇİFTÇİLERİNİN 
TEKNİK VERİMLİLİK FARKLILIKLARININ ÖLÇÜLMESİ
Aguir, Sabeur
Yüksek Lisans, İktisat Bölümü 
Tez Yöneticisi: Doç. Dr. Syed F. Mahmud 
Eylül 2000
Bu tez Pakistanin iki bölgesindeki, Sind ve Pencab, pamuk çiftçilerinin üretimdeki teknik 
verimlilik farkhhklannı inceliyor. Çiftlik büyüklüğü, eğitim geçmişi, arazi aidiyeti ve 
çiftliklerin verimlilikleri arasındaki muhtemel ilişkiyi bulmak için hem parametrik hem 
de yan-parametrik stokastik sınır modelleri kullanılmıştır. Her iki model sonuçlarına göre 
çiftçilerin verimliliklerinde çiftlik büyüklüğü önemli bir rol oynuyor. Pencab'ta çiftlik 
büyüklüğüne arttırmak verimsizliği düşürmesine karşın Sind'deki çiftlikler verimli 
olabilmek için daha küçük olmalılar. Eğitim, Pencab'da verimsizliği düşürmesine karşın 
Sind'de üretim-karşıtı olmuştur. Sahibi tarafından işletilen çiftlikler Pencab'ta daha 
verimlidir. Bu sonuçlar Pakistan'da tarım sektöründe verimliliği arttırmak için temel 
yapısal reformlara olan ortaya koymuştur.
Anhtar Kelimeler: Stokastik Sınırlar, Üretim Fonksiyonları, Yan-parametrik tahmin. 
Teknik verimlilik, Pakistan Tarımı.
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Agriculture is one of the most important sectors in the economy of Pakistan. It makes 
significant contribution in the gross domestic product, generation of employment and 
foreign exchange earnings through the export of some of the major crops. Textile 
industry is the backbone of exports. Over 60 percent of exports are from the textile group 
as a whole. This industry in turn depends heavily on the domestic production of raw 
cotton. Therefore formulation of policies to enhance productivity growth in cotton 
production is of vital importance. Hence, policy makers in Pakistan have been trying to 
bring reforms in the agricultural sector to increase its productivity and hence 
improvement in the overall economic welfare.
In this study, we analyze the data on the cotton production in two key provinces, Punjab 
and Sind, in Pakistan. The data was provided by a survey of households in these two 
provinces. The basic aim of this study is both to examine and explain technical efficiency 
differentials in the production of cotton between these two provinces. Historically these 
two provinces have been the major contributors in the agriculture production. At the time 
of independence in 1947, the distribution of land was highly skewed. Several land 
reforms were introduced to bring some equity in the distribution of land. These reforms
did reduce some inequity in the distribution of land. However, the reforms were more 
effectively implemented in Punjab. For example, from the survey data of 1980, in Sind 
farmers with less than 5 acres of land holdings accounted for 33 percent of the owners but 
owned only 5 percent of the land. Those who owned more than 100 acres are 6 percent of 
the owners and accounted for 44 percent of the land. In this thesis we employ technical 
efficiency (TE) effects model to explain technical efficiency differentials between the 
farmers of Punjab and Sind. We intend to introduce some farm specific variables such as, 
ownership status, education and farm size to explain some of differences in the 
efficiencies. TE effects model is estimated using both parametric and semi-parametric 
techniques.
In Chapter 2 we present a brief review of the Pakistani agriculture and the factors 
affecting it, and we provide a survey of studies on productivity of Pakistani agriculture. 
In Chapter 3 we discuss our methodology and different stochastic and inefficiency 
models that are to be estimated. In Chapter 4 we describe our data and define the 
variables of our models. In chapter 5 we present and discuss the empirical results of the 
stochastic frontier models. We conclude in Chapter 6.
CHAPTER 2
THE PAKISTANI AGRICULTURE: AN OVERVIEW
The government of Pakistan attaches great importance to the agriculture sector, which is 
the mainstay of the economy. Agriculture sector contributes around 25 percent to 
Pakistan's GDP and engages about half of the total employed labor force. It is the largest 
source of foreign exchange earnings and meets raw material needs of the country's major 
industries like textiles and sugar. The major crops, in Pakistan, are wheat, cotton, rice, 
sugarcane, gram, maize, jowar, bajra, repeseed & mustard and tobacco while the minor 
crops include pulses, potatoes, onions, chillies and garlic.
2.1 Economic Performance of Agriculture Sector
In the recent years, the agriculture sector is getting better economic results. For instance, 
the growth in agriculture improved from 5.9 percent in 1994-95 to 6.7 percent in 1995- 
96. According to the economic survey, 1995-1996, this growth is coupled with a 9 
percent expansion in major crops, 4.9 percent in minor crops, 5.6 percent in livestock and 
8.3 percent in fishery sector, but a decline in forestry.
Agriculture sector continues to be very important as a source of employment as indicated 
in Table 1. During the years 1993-1996, the agriculture sector was employing nearly 50 
percent of the whole labor force whereas the wholesale and retail trade recorded only a 
percentage of 12.78 and the mining & carrying and Manufacturing sector recorded only a 
percentage of 10.12. The agriculture sector recorded an increase according to 1992-1993 
by nearly 2 percent whereas the other two major sectors recorded a decrease in the 
distribution of employed labor force.
Table 1: Distribution of Employed Labor Force
(Percent)
Sector 1992-1993 1993-1994 1995-1996
Agriculture 47.54 50.04 50.04
Wholesale and Retail Trade 13.31 12.78 12.78
Mining & Carrying and 
Manufacturing___________
10.89 10.12 10.12
Source: Economic Survey 1995-1996
The provinces, Sind and Punjab, are the major contributors in the agriculture production. 
Punjab has five rivers: Jhelum, Chenab, Ravi, Beas and Sutlej and all of them flow south 
to join the Indus at Mithankot. The lands of this province are fertile and green compared 
to the rest of the country. Agriculture plays an important role in the economy of Punjab, 
though a boost in industrialization has been recorded in the last few years. In 1992 Punjab 
harvested 11.5 bales of cotton. Nevertheless, the government is enhancing agricultural 
productivity in Punjab by educating and training the farmers. The government is also 
encouraging the use of improved agriculture techniques and the protection of crops from 
pests and diseases. Programs to maintain soil fertility and use soil and water resources 
efficaciously were established. As for Sind, though less fertile than Punjab, agriculture
has always been the major economic activity. A canal system is employed in Sind given 
the scarcity and irregularity of rainfall. The major crops in the province of Sind are 
wheat, rice, sugarine, cotton and fruits. This province contributed 16 percent in wheat, 45 
percent in rice and 13 percent of cotton to the Pakistani agriculture product.
2.1.1 Cotton Production
Cotton crop has a vital importance in Pakistan's economy since it is the major foreign 
exchange earner, in addition to providing raw materials to the domestic textile sector. 
Cotton production in 1995-96 is estimated to be 11.24 million bales, recording a 27.9 
increase over 1998-1999 production that was 8.79 bales. According to the Economic 
Survey, published by the Government of Pakistan, this significant improvement in 
production is due to several reasons. Firstly, favorable weather conditions were an 
incentive for a good harvest. Secondly, there was an increase in the area designated for 
cotton production. Thirdly, improved variety of seeds and the adoption of effective plant 
protection measures boosted the productivity of cotton farmers. The area under 
cultivation in 1999-2000 increased to 2.983 million hectares as against 2.923 million 
hectares in 1994-95. The yield also showed an increase as shown in Table 2.
2.1.2 Cotton Exports
Export earnings for the year 1995-96 amounted to $ 9206 million, recording a 5.9 percent 
increase over the previous year. The increase is mainly due to higher exports of raw
cotton, cotton yarn, cotton fabrics, raw wool, bed-wear, guar & guar products, tarpaulin 
& canvas, vegetables, towels and surgical instruments.







1995-96 2997 10595 601
1996-97 3149 9374 506
1997-98 2960 9184 528
1998-99 2923 8790 512
1999-2000 (P) 2983 11240 641




Source: Economic Survey 1999-2000
The share of cotton group (excluding synthetic textile) dominated in the total exports 
during July-April 1995-96 with 62.2 percent compared to 57.3 percent in the same period 
of previous year. This was followed by the share of leather group and rice. The detail of 
percentage share of major export items is given in table 3. The exports during July-April 
1995-96 remained concentrated in a few items like cotton group, rice, leather & leather 
manufactures and synthetic textile that accounted for 79.3 percent of the total exports. 
The share of these items in the comparable period last year was 78.4 percent.
Table 3: Export of Major Items
Commodity July-April % Share1995-96 1994-95 % Change 1995-96 1994-95
Total cotton group 4194.084 3645.631 15.0 62.2 57.3
Rice 363.190 367.099 -1.1 5.4 5.8
Synth, textiles 334.746 463.429 -27.8 5.0 7.3
Leather manufs. 259.106 291.468 -11.1 r  3.9 4.6
Leather 197.637 218.569 -9.6 2.9 3.4
Others 1389.628 1378.325 0.8 20.6 21.6
Total 6738.391 6364.521 5.9 100.0 100.0
Source: Economic Survey 1995-1996
The exports under cotton group (excluding synthetic textile) generated the highest 
earnings which totaled at million, exhibiting 15 percent increase over the level of million 
recorded in the same period last year. Exports of cotton manufactures increased by 2.4 
percent as detailed in table 4.
Table 4: Export of Cotton Group
($ Million)
Commodity July-April % Share1995-96 1994-95 % Change 1995-96 1994-95
Raw cotton 485.593 22.520 2056.3 11.6 0.6
Cotton yarn 1177.317 1162.486 1.3 28.1 31.9
Cotton fabrics 929.379 859.774 8.1 22.1 23.6
Readymade garments 468.355 510.070 -8.2 11.2 14.0
Tarpaulin & Canvas 30.385 29.925 1.5 0.7 0.8
Bed wear 309.082 268.441 15.1 7.4 7.4
Hosiery 533.549 541.738 -1.5 12.7 14.8
Towels 130.923 116.384 12.5 3.1 3.2
Other tex. made ups 129.501 ^  134.293 -3.6 3.1 3.7
Total 4194.084 3645.631 15.0 100.0 100.0
Source: Economic Survey 1995-1996
2.2 Land Distribution
Land distribution is an important determinant of the agriculture sector performance. Fair 
and even distribution of land holdings may improve the situation of the farmers and 
hence increase the general social welfare. However, this is not the case in Pakistan where 
the land is highly concentrated in the major districts. Obviously, this uneven land 
distribution brings many drawbacks and presents an obstacle for better agriculture 
achievements. The land holdings between the major categories of farmers, in the districts 
of Punjab and Sind, are presented in Table 5.
The land ownership in Punjab was highly concentrated in the year 1976, as seen in Table 
5. 69 percent of farm owners were cultivating small areas of at most 6.25 acres. Their 
aggregate land holdings accounted for only 26 percent of the total area owned. However, 
rich landlords, that represent only 1.2 of the total number of owners, operated farms that 
are larger than 50 acres and that accounted for 18.2 percent of the total area owned.
These disparities were sharper in Sind. The land distribution was more skewed as 8 
percent of the farmers owned 42 percent of the total cultivated area whereas 40 percent of 
the number of owners operated only 8 percent of the total area.
Table 5: Distribution of Land ownership in Punjab and Sind (1976)*
Farm size 
(acres)




Punjab Sind Punjab Sind
Marginal 5147 268 10218 956
( to 6.25) (69.0) (40.4) (26.0) (8.2)
Small 1459 158 9524 1459
(> 6.25 to 12.5) (19.6) (23.9) (24.3) (19.7)
Medium 583 117 7304 2141
(> 12.5 to 25.0) (7.8) (17.6) (18.6) (18.3)
Large 172 67 4953 2252
(> 25.0 to 50.0) (2.3) (10.1) (12.7) (19.2)
Very Large 88 52 7122 4920
(Over 50.0) (1.2) (8.0) (18.2) (42.0)
Figures in parentheses are percentages 
Source: Nabi et al (1991)
Given the high percentages of small holdings in both of the districts, Punjab and Sind, 
mechanization and the use of advanced irrigation techniques seem to be unaffordable by 
the small farmers. This indicates that most of the farmers are using primitive agriculture 
techniques and have a hard time trying to get a living from small farms. They have to 
supplement their income from other sources. Mechanization is used only in large farms. 
For instance, it is estimated that the minimum size of a farm should be 20 hectares to use 
a tractor. Thus, mechanization is not widespread since most of the farmers are cultivating 
small lands.
A more recent survey that exposes the different tenurial types and the relative areas 
operated is shown in table 6.
Table 6: Tenure Classification of farms and farm Area by provinces for 1990 
Census*
Number of farms (million) Farm Area (million acre)
Punjab Sind Punjab Sind
Total 2.957 0.802 27.107 8.604
Owner 2.054 (69.85) 0.406 (50.62) 16.656 (61.45) 5.098 (59.25)
Owner-Cum
Tenant
0.464(15.69) 0.061 (7.61) 6.604 (24.36) 1.040(12.09)
Tenant 0.439(14.85) 0.335 (41.77) ^.847  (14.19) 2.466 (28.66)
1 ha = 2.47 acres
Source: Economic Survey 1995-1996
Tenancy in Sind is still very high in the year 1990. Tenants accounted for nearly 42 
percent of the total number of farmers and they operated nearly 29 percent of the total 
farm area. Nearly 50 percent of the farmers operated their own land that amounted for 
nearly 60 percent of the total area.
The percentage of tenancy is lower in the province Punjab compared to the percentage of 
tenants in Sind. Only 15 percent of the farmers were tenants and they operated 14 percent 
of the total area. 70 percent of the farmers operated their own farmers and the total area 
cultivated by this category of farmers amounted to nearly 60 percent.
Anther problem that prevails in the agriculture sector is the fragmentation of farms. 
Though their size is small in Pakistan, farms are also fragmented into numerous small 
discontinuous plots especially in rain fed areas. A farm of 1-2 hectares can be divided 
into 12 to 18 parts, as seen in Attock and Rawalpindi Districts. The problem is less severe 
in the canal colonies. Some of the drawbacks of farm fragmentation are the loss of time 
and energy. Irrigation and the use of machinery become difficult. Water has to flow
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through lands belonging to different people. Use of tractors becomes difficult and 
expensive. Fragmentation of farms is mainly due to inheritance and the sale of small 
pieces of farm among tenants.
Khan (1991) argues that Pakistan has inherited a complex land tenure system. This is
demonstrated in the provinces of Punjab and NWFP. Khan (1991) says:
"During the period of political instability immediately before the extension of the British rule 
in the Punjab and NWFP persons of influence had acquired large estates. When the British 
came, they recognized their proprietary rights and they became big landlords. The British also 
granted large rent-free jagirs to individuals who had helped them in conquering the region.
The landlords and jagidars could rent land to the tenants. In the eastern part of the Punjab 
mahalwari was in vogue. In this system the peasants of a village were responsible collectively 
and individually for the payment of land revenue. The village comprised small peasants."
As for the province Sind, Khan (1991) claims that:
"Most of Sind was allocated to local chiefs as jagirs by the Moghals. The British recognized 
this right. In northern parts of Sukkur and Shikarpur Distiricts, pattadari system prevailed 
whereby lands were held by individuals on payment of nominal rent to the government. 
Besides, there were zamindari and peasant holdings in which the ownership of the land was 
vested with the state but occupants possessed heritable, divisible and transferable rights as 
long as they paid revenue to the state. The British introduced ryotwari system in which the 
state, keeping the proprietary rights, leased the land to the tenants-at-will called haris. The 
tenants-at-will paid the rent only for the years that they ploughed the fields. In 1932, with the 
construction of Sukkur Barrage perennial canals were laid out. The moneyed people 
purchased the land at high prices and rented them to poor cultivators. Thus a class of big 
landlords emerged."
2.3 Land Reforms
Given the uneven distribution of land that reigned in Pakistan, several governments tried 
to implement land reforms for equity as well as for achieving better agriculture 
production. Several laws were set to redistribute large and small farms into better 
production units. Khan (1991) claims that:
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" The case becomes particularly forceful, if it can be shown that both will be satisfied as a 
result of a policy that breaks up large farms into smaller units. In this regard, the empirical 
evidence that small farms have higher yields per acre compared to large farms as crucial. If 
evidence is to the controversy, i.e., if large farms are more productive compared to small 
farms, land reform can still be justified for reasons of equity but, efficiency would require 
reconstituting small farms into larger units as farm co-operatives."
Even before independence, there were trials to bring some land reforms. In 1887 the 
Punjab Tenancy Act stated that the tenants who had cultivated the land continuously for 
twenty years, were protected from the hazardous ejectment of the landlord. Another 
measure was that no protection was given to the "tenants-at-will" in case of ejectment 
except their right for getting paid for an uncut crop. The law stated that these farmers 
should be reimbursed for the cost of preparing land, which they could not sow. Other 
reforms were brought by the year 1945. The Tenancy Law Committee recommended to 
the government to grant enduring rights to the haris in case they had cultivated at least 
four acres of land of the same landlord for a period of eight consecutive years. The 
landlord could eject them only if they failed to fulfill some duties like cultivating the land 
or paying the rent. Unfortunately, these protections did not help the haris because of their 
illiteracy and fable economic situation compared to the strong and wealthy landlords.
After independence, several other land reforms were passed. In the year 1950, Sind 
Tenancy Act gave permanent rights to the tenants who had cultivated at least four acres 
of land continuously for three years. From the year 1950 to the year 1952, five tenancy 
acts were passed in the province of Punjab. Some of the important provisions of the acts 
include that a landlord having a land property more than 100 acres, had to keep only 50 
acres for self-cultivation and the rest of the land should be given and cultivated by the
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tenants. The second act was that the share of the landlord in the total product was fixed at 
40 percent. He had also to pay the government different agriculture charges in the same 
proportion. Another important provision was that tenants could be ejected only if they 
failed to pay the tax in time or in case they failed to cultivate the land. The provision 
stated that tenants could also be ejected if the landlord wanted to cultivate his land by 
himself. As in the case before independence, these provisions failed because of the strong 
position of the landlords and the weak position of the tenants.
After the coup d'etat in 1958, the military rulers, in a step to gain popularism, passed 
another act of land reforms in the year of 1959. Khan (1991) states that the measures 
taken included to fix the ceilings to holdings at 500 acres of irrigated lands and 1000 
acres of unirrigated lands. In addition, the tenants had the first claim to purchase the area 
cultivated in case the landlord wanted to sell the land. Moreover, the division of land into 
uneconomic holdings was prohibited and a plan for consolidation of holdings was 
adopted. The landlords were compensated through interest-bearing bonds. The act 
included also a suitable formulation for land utilization and credit facilities were arranged 
for the new landowners. As in the previous acts, these land reform measures failed to 
decrease the power of the feudal lords and it failed also to establish and guarantee the 
confirmed rights of the peasants.
The 1959 provisions paved the way to another land reforms act established in the year 
1972 where more positive land reforms were introduced. The most important feature of 
these reforms was that the ceiling on land ownership was reduced from 500 acres of
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irrigated land to 150 acres. Similarly the land ownership was reduced from 1000 acres of 
unirrigated land to 300 acres. Land owned above these permissible limits was confiscated 
by the Government without any compensation and distributed among the cultivators free 
of charge. Other lands owned previously or resumed by the government were distributed 
among poor tenants. All state lands were given to land-less cultivators or those having 
smaller than subsistence holdings on easy installments. This act stated also that tenants 
could be ejected only if they failed to give the crop share or rent to the landlord who 
would assume paying the water rate and the cost of seed.
In the year of 1975, some minor reforms were introduced. By this act, small landowners' 
were exempted from paying the land revenue. Instead, the government charged extra 
taxes on big landowners to compensate this loss. Further steps were taken in the year 
1977 where the land ceiling was cut down to 100 acres of irrigated land and 200 acres of 
unirrigated land. Some compensation was given to the persons whose land was resumed 
and the land was to be distributed among tenants free of charge. As a result, Khan (1991) 
claims that by June 1984 over 1.8 million hectares were resumed of which about 1.5 
million hectares were distributed among 290 thousand persons, with each person owning 
an area of nearly 5 acres.
The implementation of these reforms was very slow and unsatisfactory. Khan (1981) 
argues that the political position of many of the large landowning families of Sind and
Small landowners had not more than 12 acres of irrigated or 25 acres of unirrigated land.
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Punjab in the hierarchy of the People's Party exerted tremendous political pressure and
played an important role in this lack of success. Thus, Nabi et al. (1991) claims that:
"These reforms remained an act on paper since they were to be implemented in June 1977, 
and by that time, the turmoil in the country had reached its peak. By July, the new martial law 
government had taken over and the reforms were completely shelved. Since then, there has 
been no commitment to agrarian reform. In fact, it has been categorically stated that land 
redistribution is out of question. The semi-feudal structure in Pakistani agriculture remains 
strong."
2.4 Rural Education
Education plays an important role in raising the productivity and efficiency of manpower. 
Accordingly, Pakistan has made the promotion of education a priority. However, literacy 
ratios in Pakistan are ones of the lowest in the world. These ratios are improving from the 
years 1972 to 1998 where concusses were taken. The literacy ratios for the rural areas of 
the provinces Punjab and Sind are shown in Table 7. In both provinces, marked 
differences exist between the literacy ratios between males and females. For instance, the 
literacy rate of Punjabi males is 49.2 percent for the category 15 years and above whereas 
the Punjabi females, in the same category represent only 21.1 percent. The same remark 
holds for the province Sind since the literacy rates of males are nearly three times the 
literacy rates of the females. A remarkable difference exists too in the literacy ratios 
between the two provinces, Punjab and Sind, in the years 1972, 1981 and 1998. These 
ratios are the result of low enrollment rates at the primary level, deficiency and scarcity 
of proper teaching materials and poor infrastructure of schools. Another important factor 
is the lack of trained teachers.
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Table 7: Literacy ratios of population by sex, region and rural for 1998, 1981 and 
1972 census
1998 1981 1972
Punjab Sind Punjab Sind Punjab Sind
Sex 15 10 15 10 10 10 10 10Years Years Years Years Years Years Years Years
& & & & & & & &
Above Above Above Above Above Above Above Above
Both Sexes 35.4 38.5 25.2 27.0 20.0 15.6 14.7 17.6
Male 49.2 51.3 38.5 39.5 29.6 24.5 22.9 27.5
Female 21.1 25.1 11.0 13.1 9.4 5.2 5.2 5.8
Source: Economic Survey 1995- 996 and Economic Survey 1999-2000
2.5 Review of Studies on Productivity of Pakistani Agriculture
There are few empirical studies examining efficiency of farmers in Pakistan. Shafiq et al 
(2000) attempt to identify sources of resource inefficiency for cotton production in the 
province of Punjab. They use Data Envelopment Analysis (DEA) to study the relative 
technical and allocative efficiencies of individual farms. They used data of farms with 
similar inputs, same product and that operate under comparable circumstances. They find 
that there are a considerable number of farms that are both technically and allocatively 
inefficient.
Chaudhary et al (1999) analyze the impact of different policy-relevant input variables on 
farm output and employment on the basis of different own-price, cross price, partial and 
substitution elasticities derived from a translog cost function. They use a translog cost 
function to examine the farmer production and employment relationships. The analysis
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shows that the own-price elasticities of most inputs are negative but low. The elasticities 
of substitution show labor fertilizer and pesticides as substitutes for small farms whereas 
fertilizer, irrigation and labor as strong complements on all farm categories. Similarly, 
labor substitutes tractors on small but re-enforces them on large farms. While wheat and 
rice are labor-intensive crops, the latter is also hired labor-intensive. There is the need of 
ensuring adequate supply of fertilizer, irrigation water and pesticides which by 
complementing with labor increase on-farm employment. Also, rational credit, power 
promotion and output price policies are needed for farmers to use inputs in optimal 
quantities and packages.
Burki et al (1998) investigate the sources of technical inefficiency of farms in the 
irrigated areas in the province of Punjab. They examine the cost behavior of some farms 
in five irrigated districts of Punjab. Fitting translog variable cost frontier, they find that 
technical inefficiency raises the cost of average sample farms. They conclude that farm 
efficiency is positively related to formal schooling of farm operators and the abundance 
of canal water. They find also that farm efficiency is negatively related to farm size, 
while the age of farm operators has no effect on efficiency.
Battese (1998) proposes a stochastic frontier model for the analysis of the effects of 
differing quality of irrigation water, in addition to different inputs and factors associated 
with technical inefficiency of production, on crop yields. He defines the parameters of the
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production frontier as functions of other variables, which measure the quality of the 
irrigation water.
Heltberg (1998) discusses the relationships that might exist between farm size and 
productivity and between farm size and profitability in the developing countries. He uses 
farm-level panel data from Pakistan to examine the size-output relationship based on 
assumptions about imperfections in the markets for labor, land, credit and risk. His 
production variables were operational farm size, size of owned holding, family size, 
tenurial status and irrigation status of the land. He finds that a strong inverse relationship 
between farm size and yield is present.
Khan et al (1996-1997) try to establish a relation between landed power and rural 
schooling in Pakistan. Given the claim that large landlords are opposed to education, 
since it could cause attitudinal changes that challenge the existing order or cause the 
emigration of potential labor to towns and cities, Khan et al (1996-1997) use a 
simultaneous limited dependent variable model to investigate the impact of relative and 
absolute landed power on the demand for schooling. Their findings show that large 
landlords have an adverse impact on village educational attainment.
Battese et al (1997) compare different production model specifications for wheat farmers 
in Pakistan. They consider two different functional forms of stochastic frontier functions.
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translog and Cobb-Douglas production functions, in which the technical inefficiency 
effects are defined by three different models. The technical inefficiency effects models 
involved are the time-varying inefficiency model, proposed by Battese and Coelli (1992), 
the inefficiency effects model for panel data, proposed by Battese and Coelli (1995), and 
the non-neutral frontier model, proposed by Huang and Liu (1994).
Anwer et al (1996) examine the inequalities in land distribution in Pakistan by providing 
the inequality estimates for land and irrigation related attributes for 1990. They consider 
the inequalities in land distribution at national, provincial and district levels and compare 
them to the levels in 1960, 1972 and 1980. They find that there continues to exist very 
high levels of inequality within the different provinces and within the different districts in 
a single province. They point that there has been marked increase in the inequality in the 
distribution of irrigated cultivated area in comparison to the distribution of cultivated area 
and farm area.
Farman et al (1996) use behavioral and stochastic cost frontier functions to estimate the 
cost inefficiency by farms. They find that some socioeconomic variables like the size of 
holdings, the fragmentation of land, the subsistence needs, and higher age of farmers 
contribute positively to inefficiency. They find also that the use of manure, labor, and 
fertilizers is not optimal and this is explained by the holding size, education, credit, and 
subsistence needs. They claim that small farms seem to be more efficient than large farms 
in the region.
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Battese et al (1996) use a single stage model for estimating technical inefficiencies of 
production in a stochastic frontier production function using panel data on wheat farmers 
in four selected districts of Pakistan. They find that the technical inefficiencies of 
production tend to be smaller for older farmers and those with greater formal schooling. 
All the four districts belonged to Punjab.
Parikh et al (1994) measure the technical efficiency, using a translog frontier production 
function on cross-sectional data from farms in the North-West Frontier Province (NWFP) 
of Pakistan during the years 1988 and 1989. The estimated farm level technical efficiency 
is found to be dependent upon levels of credit and education, farmers' ages and the extent 
of land fragmentation. Parikh et al (1994) claim that lack of education, restricted credit 
and fragmented holdings are found to be causes of inefficiency.
To sum up, Burki et al (1998) and Heltberg (2000) agree that farm efficiency is 
negatively related to farm size whereas Farmen et al (1996) claim that small farms seem 
to be more efficient than large farms. Battese et al (1996) argue that education reduces 
technical inefficiencies for farmers with greater formal schooling. Most of the models 
used for identifying the technical efficiency differentials, are based on stochastic frontier 
models with the exception of Shafiq et al (2000) who used a non-parametric method. 
Data Envelopment Analysis (DBA), to study the relative efficiencies of farmers. In the 
best of our knowledge, no semi-parametric specification was made previously to 
investigate the sources of inefficiencies in cotton production in Pakistan. Moreover, most
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of the studies examined data from the province of Punjab. Here, in our study, we use data 




3.1. Stochastic Frontier Models: A Parametric Approach
The original stochastic frontier modeP proposed by Aigner et al (1977) was
yi = f(xi; P) + Si (3.1)
where y, is the ouput of the f '  producing unit; /  (xi; ¡5) is a production function with 
vector Xi as factor inputs and as a vector of unknown parameters to be estimated; and e, 
an error term defined by
£,· =  V,· - Ui (3.2)
^The literature on frontier production functions and the calculation of inefficiency measures begins with 
Farell (1957). Formal analysis of parametric frontier production functions began with the work of Aigner 
and Chu (1968), Afriat (1972) and Richmond (1974). They assumed a production function enclosing all 
possible input bundles. Such a function can be written as
yi = f(Xh P)
where y, is the maximum output obtained from a vector x, of inputs and ^  is a vector of parameters to be 
estimated. In order to characterize differences in output among firms with identical input vectors or to 
explain how a given firm's output lies below the frontier, /  (x,; p), an error term has been implicitly
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where {v,} are random errors and are assumed to be independent and identically 
distributed as normal random variables with mean zero and variance, and the {«,} are 
non-negative random variables, standing for the technical inefficiency of production and 
are assumed to be independently distributed of v, such that they are derived from N(0 , 
a,^) distribution truncated above at zero.
In their paper, Aigner et al (1977) justify the usage of a composed error term as follow:
"The economic logic behind this specification is that the production process is subject to two 
economically distinguishable random disturbances, with different characteristics. We believe 
that there is ample precedent in the literature for such a view, although our interpretation is 
clearly new. And from a practical standpoint, such a distinction greatly facilitates the 
estimation and interpretation of a frontier. The non-positive disturbance^ w, reflects the fact 
that each firm's output must lie on or below its frontier [/(Xi; ¡3) + v,]. Any such deviation is 
the result of factors under the firm's control, such as technical and economic inefficiency, the 
will and effort of the producer and his employees, and perhaps such factors as defective and 
damaged product. But the frontier itself can vary randomly across firms or over time for the 
same firm. On this interpretation, the frontier is stochastic, with random disturbance v, being 
the result of favorable as well as unfavorable external events such as luck, climate, 
topography, and machine performance. Errors of observation and measurement on y,· 
constitute another source of v,."
The Battese and Coelli (1995) technical efficiency (TE) effects model assumes that {«,} 
are non-negative random variables, standing for the technical inefficiency of production 
and are assumed to be independently distributed of v, such that they are derived from 
N(m, Gu) distribution truncated above at zero. The mean, m, can further be explained by 
some farm specific variable (Z,j,
assumed. In an attempt to give them a statistical basis, Schmidt (1976) explicitly added a one-sided 
disturbance. For a comprehensive review of stochastic frontier models, see Greene (1997).
I^n their paper, Aigner et al (1977) have assumed that = v,· -f- w,· where w,· is non-positive. For convenience, 
we have assumed that w,· is non-negative and assumed that e,· = v,· - iii.
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m = g (  Z i; d) (3.3)
where g(.;.) is a function whose arguments are a vector of inefficiency explanatory 
variables Z, and a vector of parameters <5 to be estimated.
The inefficiency terms, m„ can then be expressed as:
Ui -  m + Wi = g ( Z i; 8) + Wi (3.4)
where Wi's are unobservable random variables, which are assumed to be independently 
distributed, obtained by truncation of the normal distribution with mean zero and 
unknown variance, CT, such that ui is non-negative.
Hence our TE effects stochastic frontier function can be written as follows
yi =  f ( x i :  P)- g ( Z i ;  8 ) -  Wi +  V,· (3.5)
Throughout this text, we will denote vectors of parameters by capital letters and their 
logarithms by small letters. Since we are using cross-sectional data, the index / standing 
for the f '  production unit will be dropped.
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3.1.1. Functional Forms
A Transcendental Logarithmic (translog) stochastic frontier production function has been 
employed for the parametric specification of f  {xr, fi) in (3.5) in our work. The translog 
production function originated in Christensen et al (1971). A major characteristic of this 
function is that it allows the elasticity of substitution to change with output or factor 
proportions. The function is commonly used in the literature to represent production 
functions / ( x ;  /3).
The translog stochastic frontier production function is defined by
y = Po + 'Z  Pj^j + E  E  +V-U
j  ^  j  k
(3.6)
The PjS and pjkS are unknown parameters for the production function to be estimated. The 
indices k and j  represent single factor inputs. We assume that the indices of the 
parameters are symmetrical. That is, fijk = Pkj for all k and j.
If we set Pjk = 0 for all k, j, then the translog stochastic frontier production function 
reduces to Cobb-Douglas stochastic frontier production function;
(3.7)
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3.1.2. Technical Inefficiency Effects Models
The technical inefficiency effects model, g ( Z i; 5 )  in (3.5) is assumed to have a linear 
functional form of explanatory variables associated with the technical inefficiencies 
effects Z and a vector S of parameters to be estimated. Hence the TE effects model is 
defined by
u = Z 'S  + w (3.8)
where w is an unobserved error term defined in (3.4).
Therefore our parametric specification of the stochastic frontier model is:
y = Po + ' Z ^ S E - z '8 -w +
J  ^  j  k
(3.9)
Tests for the parameters of the frontier model
After having defined the general stochastic model, several tests need to be taken. Tests 
whether Cobb-Douglas stochastic frontier model is an adequate representation of data 
given the specifications of the translog stochastic production function need to be taken. A
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test for the parameters of the frontier model is conducted using the generalized 
likelihood-ratio statistic, X, defined by




X has approximately a chi-square distribution with degrees of freedom equal to the 
number of independent restrictions on parameters in Ho. As in the case of testing the 
adequacy of Cobb-Douglas function, L(Ho) is the value of the likelihood function for the 
Cobb-Douglas stochastic frontier model and L(Hi) is the value of the likelihood function 
for the alternative model that is the translog function. If the null hypothesis is true, then 
the Cobb-Douglas function is an adequate representation of the data.
3.1.3. Technical Efficiencies
We will be interested in computing the technical efficiencies for each individual farmer. 
The technical efficiency for any production unit is defined by
TE= E(Y\ u, X )/E(Y\ u= 0,X ) (3.11)
where Y, u and X stand for the output, the inefficiency effect and the input vector 
respectively. An alternative formula is
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TE =  e " " (3.12)
3.1.4. Output Elasticities
We will be also interested in computing output elasticities to interpret the individual 
affects of the factor inputs over the total production output. The coefficients of the input 
variables in the Cobb-Douglas model are elasticities of frontier output, and hence directly 
interpretable. We denote the f '  component of the input vector x by xj.
In the case of the Cobb-Douglas function, differentiating the production output y by any 
input factor Xj gives
dx, = Pj
(3.13)
whereas the elasticities of the translog function are not directly interpretable, since 
differentiating the production output y by any input factor xj gives
(3.14)
The expression (3.14) is not constant and it will take a myriad of values depending on the 
values of the inputs.
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3.2. Stochastic Frontier Models: Semi-parametric Approach
The stochastic frontier approach, discussed in the previous section, accommodates 
statistical noise and measurement error through the usage of composed error-term. It also 
imposes a priori assumptions on the functional form representing the production 
technology. In this thesis we also employ a semi-parametric approach, which makes 
fewer assumptions about the functional form of our technology, but keeping the same 
parametric structure for the composed-error term. In this section we shall discuss this 
approach and describe the methodology used to estimate technical efficiencies and output 
elasticities.
3.2.1. The Model
There are many alternative ways in which the stochastic frontier model (3.5) can be 
estimated. One of the other extreme possibilities is to estimate both /(.;.) and g(.;.) with a 
non-parametric method. But this is not feasible because it is difficult to make a 
distinction between /(.;.) and g(.;.) function. In our particular case, it is difficult to make 
any differentiation between the effects of the production factor inputs and the effects of 
the inefficiency explanatory variables. In a semi-parametric approach to the estimation of 
(3.5), we may either assume a parametric estimation of /(.;.) or for g(.;.). The semi- 
parametric specification, where we could have specified a known functional form for 
/(.;.) and an unknown function for g(.;.), is disregarded because we expect the existence 
of more nonlinear relationships between the different factor inputs compared to the
29
explanatory inefficiency variables. In this thesis, we opted for the following semi- 
parametric specification for our stochastic frontier model. We assume that the logarithm 
of the production frontier is some unknown function of the logarithms of inputs and we 
kept the same linear model for the technical inefficiency effects u as defined in (3.8).
The semi-parametric stochastic production frontier can be written as:
y = m ( x )  + Z ' 8 + w + v (3.15)
where m ( x) is an unknown hmction of factor inputs x, w and v are error terms having 
the same distributional properties as for the parametric model defined in Section 3.1, Z is 
a vector of technical inefficiency variables and <5 is a vector of parameters to be 
estimated.
3.2.2 Estimation of the Parameters for Technical Inefficiency Effects Model
In order to estimate the vector of parameters in (3.15), we follow the procedure of 
Khanna et al (1999).
We take the conditional expectation of (3.15). This leads to
E ( y \ x )  = m ( x )  + E ( Z \ x ) ' d  
since E ( w \ x ) = E(  v | x )  = 0.
(3.16)
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E ( Z \ x )  represents the conditional means of all individual Z given the input vector x. 
Subtracting (3.16) from (3.15) gives
3; - E ( y \ x )  = ( Z - E ( Z \ x ) ) ’5 + w  + v (3.17)
Since (3.17) has the properties of a linear regression model, we can estimate 5 by an 
ordinary least square (OLS) regression. However, the regression is not possible until the 
conditional mean of y with respect to x and all the individual conditional means of Z with 
respect to are known. We estimate them by the non-parametric kernel method'*. For 
details on the kernel estimation techniques, see Appendix A. Once the estimates of £  ( y | 
X ) and E ( Z \ X )),  E(  y \ x) and£^ ( Z \ x ) respectively, are obtained, equation (3.17) 
can be written as
y - E ( y \ x )  = ( Z  - E ( Z\ x ) ) ' 5 - \ - ' w+v (3.18)
The variables in (3.18) can be regressed to get the estimates 8
Note that the estimation oiE(Z\x) involves regressing each Z component in equation (3.17) against x 
variables with non-parametric methods.
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3.2.3. Technical Efficiencies
To calculate the inefficiency scores in the semi-parametric model, we use the following 
equation
u — Z(5 + w (3.19)
where 5 is the vector of the inefficiency scores estimated by the OLS regression defined 
in the previous section and w is the vector of residuals defined as
w = ( y  - E { y \ x ) ) - ( Z -  E ( Z j \ x ) y s (3.20)
M> also includes the error component of v in (3.18). But since we cannot decompose it, w 
is taken as a proxy for w only. Given that the inefficiency error term u is non-negative, u 
can be obtained by normalizing u \  defined in (3.20), using the approach of Seale
(1990),
U: = max u* -  M* (3.21)
where the subscript i stands for the i'' producing unit.
Thus the expected efficiency of the firm relative to its stochastic frontier is measured
as
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TE^ = \ -  e""' (3.22)
3.2.4 Output Elasticities
Going back to (3.15) and the fact that we have estimated <5 in (3.18), we can rewrite 
(3.15) as
y -Z'  5 -  m(  X ) + (3.23)
where e -  w + v.
The unknown function m ( x ), defined in (3.15), can be estimated by the non-parametric 
kernel method in the same way we have done for estimating the inefficiency scores. The
estimated partial derivatives, jS^ ( x ), of equation (3.23) are our required output 




Our main concern is to build adequate stochastic production functions from where we can 
get inefficiency scores for the harvest of cotton in the provinces of Punjab and Sind in 
Pakistan for the year 1995. The data used in this study was collected by Pakistan Institute 
of Development and Punjab Institute and Applied Economics Research Centre after a 
survey conducted jointly. The survey covered all four provinces of Pakistan (NWFP, 
Punjab, Sind and Baluchistan) and Asad Jammu & Kashmir. It was done in two stages 
where in the first stage 250 villages were selected from a population of approximately 
5000 villages in Pakistan. In the second stage, a sample of 6000 households was selected 
from these 250 villages. The sample at hand consists of 983 observations concerning 
households whose primary activity is cotton production and they were selected from 
these 6000 households.
The survey was held to ask for details concerning the different factors involved in the 
production of cotton and other crops. In particular, there was interest in the annual output, 
the area harvested, the cost incurred, the different amounts of phosphorous and Nitrogen 
fertilizers utilized and the quantity of seed used to produce cotton. There was an
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additional interest for factors believed to affect the efficiency of the farmer such as the 
farm size, the educational background, whether the farm is located in Punjab or Sind and 
the tenurial structure. The output and the input data are obtained on a per acre basis.
A summary of the values of the variables used in the stochastic frontier models is 
presented in Table 8 .
Table 8 ; Summary Statistics (Cotton Pakistan)
Variable Sample Mean Sample St. Dev. Minimum Maximum
Output 85.95 136.95 1 1550
Area 5.32 6.67 0 .2 70
Cost 2128.29 3180.67 0 32400
Nitrogen Fert. 325.83 406.86 0 3168
Phosphorous Fert. 104.41 159.29 0 1610
Seed 41.91 56.63 1 560
Farm size 10.11 13.24 0.25 125
Education 2.89 4.09 0 21
Ownership Dummy 0.67 0.47 0 1
Location Dummy 0.72 0.45 0 1
The sample mean of cotton production was nearly 86  bales with a standard deviation of 
137 bales. The production of cotton ranged from one bale to 1550 bales with 32 percent 
of the farmers producing less than 30 bales per acre, 23 percent producing between 30 
bales and 60 bales per acre and 32 percent producing in the range of 60 bales to 150 bales 
per acre. Only 5 percent of the farmers got a total production more than 300 bales per 
acre.
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As for the area cultivated, the sample mean was 5.32 acres. The area used ranged from 
0.2 acre to 70 acres with 22 percent of the farmers cultivating areas less than 2 acres, 32 
percent cultivating areas ranging between 2 acres and 4 acres, 34 percent cultivating areas 
in the range 4 acres to 10 acres and only 4 percent of them using an area bigger than 20 
acres. Nearly 90 percent of the farmers were using areas within one standard deviation 
from the sample mean.
The farmers spent an average of 2128.29 rupees with a minimum of zero rupees and a 
maximum of 32400 rupees. The frequencies of costs incurred are as follows: 28 percent 
of the farmers spent less than 650 rupees, 26 percent of them spent in the range of 650 
rupees to 1300 rupees and only 3 percent spent more than 10 thousand rupees. 30 percent 
of Punjabi farmers spent less than 650 rupees whereas 31 per cent of Sindi farmers spent 
in the range of 650 rupees to 1300 rupees.
Nitrogen and Phosphorous fertilizers were used at a sample mean of nearly 326 and 104 
respectively. The use of Nitrogen fertilizer ranged between a minimum of zero and a 
maximum of 3168 whereas the use of Phosphorous fertilizer ranged between zero and 
1610.
As for the quantities of seed used, the sample mean was nearly 42 kilograms. The seed 
amount used ranged from one kilogram to 560 kilograms with 29 percent of the farmers 
using nearly less than 15 kilograms of seed, 25 percent using from 15 kilograms to 30
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kilograms of seed and 9 percent of the farmers were using more than 100 kilograms of 
seed.
Most of the households involved in this survey were from Punjab. There were 709 
households from Punjab and 274 households from Sind. Most of the farmers included in 
the survey owned their own farmers. There were 659 farmers cultivating their own lands 
whereas there were 324 tenants. 44 percent of the Sindi households involved in the 
survey operated their own land whereas 76 percent of the farmers in Punjab operated 
their own lands.
The sample mean of farm size was nearly 10 acres with a standard deviation of 13 acres. 
The Farm size ranged from 0.25 acre to 125 acres with 19 percent of the farms are less 
than 3 acres, 20 percent of the farms are between 3 acres and 5 acres and 28 percent of 
the farms lie between 5 acres and 10 acres. Only 6 percent of the farms are more than 50 
acres. More than half of the households interviewed in Sind are operating farms that lie 
between 3 acres and 10 acres compared to 45 percent in Punjab. 42 percent of the Sindis 
own farms compared to 45 percent in Punjab.
As for the schooling years, the sample mean was nearly 3 schooling years with a standard 
deviation of 4 schooling years. 60 percent of the farmers had no education. 18 percent of 
the farmers attended school from one to five schooling years whereas only 10 percent of 
the farms did have from 6 to 9 years of education. Only 5 percent of the farmers did 
attend school for more than 11 schooling years. Nearly 75 percent of the farmers had up
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to 5 years of schooling in both Punjab and Sind. 7 percent of the Sindi farmers had more 
than 11 years of schooling compared to only 3 percent in the province of Punjab.
Insignificant but positive correlation exists between some variables designated to explain 
the inefficiencies. The correlation values were very weak. For instance, the correlation 
between farm size and the ownership dummy is measured to be 0.0020. The correlation 
between the location dummy and the ownership dummy is 0.3073 whereas the correlation 
between the education variable and farm size, and education and the ownership are 
0.2419 and 0.1283 respectively. Negative correlation between some of the inefficiency 
variables exists too. The education variable and the location dummy manifest a weak 
correlation of -0.0089 and the correlation between farm size and the location dummy is 
relatively -0.0898.
One important modification to the data was inevitable. Many households included in this 
survey did not incur any costs whereas others did not use any fertilizers. The log-form of 
the factor inputs used in the stochastic frontier models does not allow for null values. 
Thus to avoid any restrictions and hence the exclusion of these households, a fake 
observation of value 0 .0 0 0 0 0 1  was introduced to replace these zero-valued inputs so that 
when taking their logs we do not get errors while proceeding with Excel. All other 




The stochastic production functions for the year 1995 are estimated through the 
parametric and the semi-parametric models described in Chapter 3. For the parametric 
specification, we employed a translog stochastic frontier model with five factor inputs 
and a linear structure of four inefficiency explanatory variables. As for the semi- 
parametric approach, we held the assumption of a linear specification of explanatory 
variables to define the inefficiency and we tried to estimate the unknown function of the 
factor inputs.
In this chapter, the coefficients of the inefficiency model variables, the technical 
efficiency scores and the output elasticities will be displayed for both of the modeling 
approaches that we have employed.
5.1 The Parametric Model
In this section, we report the different results of the stochastic frontier models along with 
the technical inefficiency model described in chapter 3. For the stochastic production 
frontier we employed a translog function. Thus our parametric model is defined by
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J=1 2  j=[ i=i
(5. 1)
where
y stands for the natural logarithm of the total cotton production per acre for the one 
production unit;
xi stands for the natural logarithm of the total area cultivated;
X2 stands for the natural logarithm of the total costs incurred per acre;
X3 stands for the natural logarithm of the amount of Nitrogen fertilizer used;
X4 stands for the natural logarithm of the amount of phosphorous fertilizer used;
X5 stands for the natural logarithm of the quantity of cotton seed used per acre; 
the PjS and PjrS are unknown parameters for the production function to be estimated;
1 <y , ^ < 5;
V and u are independent errors terms described in (3.3).
Our main aim was to investigate the efficiency effects of variables such as the schooling 
years, farm size, tenurial structure and provincial location. Thus, the model for the 
technical inefficiency effects in the stochastic frontier model can be defined as:
u= do + di Fsize + & Dumt + (5? Dump + 84 Educ + w (5.2)
where
Fsize stands for the farm size;
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Dumt stands for the ownership dummy, it is equal to one if the farmer is an owner of the 
land cultivated and zero otherwise;
Dump stands for the location dummy, it is equal to one if the farm is located in Punjab 
and zero if it located in Sind;
Educ stands for education level of the cotton farmers;
The Ss are unknown parameters to be estimated.
>vs are the unobservable random variables described in model (3.4).
The maximum-likelihood estimates for the parameters for the translog and Cobb-Douglas 
stochastic frontier production functions^ for cotton output for 1995 are presented in 
Table 9.
Our first aim was to test whether the Cobb-Douglas functional form is an adequate 
representation of the production function compared to the specifications of the translog 
stochastic frontier production model. The null hypothesis considered; Hq: Pjk = 0, where 
1 < j,k< 5\ states that the coefficients of the second-order variables in the translog model 
are zero and hence the Cobb-Douglas functional form is a suitable representation of the 
data at hand. The values of the loglikelihood function for the Cobb-Douglas and translog 
models were found to be -703.8196 and -685.1333 respectively. Thus the value of the 
generalized likelihood-ratio statistic was calculated to be
^The Cobb-Douglas stochastic frontier production function was obtained after setting the par ameters of 
the translog stochastic frontier production function to zero.
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A = - 21n
L{H,)
= -2(-703.8196 + 685.1333) = 37.3726
This null hypothesis is rejected since the test statistic A, is higher than any critical value of 
the Chi-square distribution with 10 degrees of freedom. So the Cobb-Douglas stochastic 
frontier production function is not an adequate representation for this data.
The estimates of the coefficients for the inefficiency variables are of particular interest in 
our study in that they can help us find the true sources of inefficiency in the production of 
cotton in both provinces. We investigated the efficiency effects of variables such as the 
schooling years, farm size, tenurial structure and provincial location. It seems that Dump 
(Dummy for Punjab province) is a dominant variable. Therefore we tried different 
specifications of technical efficiency effect model by allowing interactions of this dummy 
with the different other explanatory variables. Through the empirical investigation, we 
found the following specification statistically significant and having intuitive appeal.
u= 5o + 5i (Fsize X Dump) + Ô2 (Educ x  Dump) + Ô3 (Dumt x  Dump) +
Ô4 Fsize + Ô5 Educ -i- w (5.3)
The maximum-likelihood estimates for the parameters in the translog stochastic frontier 
production function combined with the inefficiency model (5.3) are presented in Table 
10.
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Table 9: Maximum-Likelihood Estimates for Parameters of the
Douglas Stochastic Froutier Models (luefficieucy Model (5.2))*
Trauslog aud Cobb-
Stochastic Frontier Variables Para­meter
Translog Cobb-Douglas
Coefficient t-ratio Coefficient t-ratio
Constant Po 4.8159
(0.0422)


































L/î(Nitrogen Fert.)“ P33 0.0023
(0.0175)
0.1299
¿/^(Phosphorous Fert.)^ P44 0.0308
(0.0220)
1.4014







L/î(Area)x//î(Nitrogen Fert.) Pl3 0.0564
(0.0557)
1.0133
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(0.0049)
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L/î(Nitrogen Fert.)x//î(Phosphorous Fert.) P34 -0.0015
(0.0121)
-0.1204
L/î(Nitrogen Fert.)x//î(Seed) P35 -0.0933
(0.0529)
-1.7628










































The estimated standard errors for the maximum-likelihood estimators are given in parentheses under the 
coefficient estimates.
The first three variables of the inefficiency model (5.3), FsizexDump, EducxDump and 
DumtxDump are negative whereas the two variables Fsize and Educ are positive. The 
results on farm size suggest that it would be efficient to increase farm sizes in Punjab but 
the farm size in Sind should be smaller to reduce inefficiency. This result is fairly 
consistent with the general observation that distribution of land is still very skewed in 
Sind and over time land holdings in Punjab had been disintegrated. Similarly for 
education in Punjab, the more educated the farmers are, the more efficient they are. This 
is an interesting result. It suggests that Punjabi farmers with more education are relatively 
more efficient. On the other hand education in Sind is counter productive. This may not 
be very intuitive but one of the explanations could be that Sindi farmers are structurally 
constrained and are unable to use their educational background to increase productivity. 
As for farm owners, they are efficient too in Punjab. The coefficient of interactive 
dummy on the ownership status (Dumt) is negative but insignificant. The estimate for the 
variance parameter, y, associated with the variance of the inefficiency effects was 0.9643 
and it is highly significant. This indicates that the inefficiency effects are highly 
significant.
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Table 10: Maximum-Likelihood Estimates for Parameters of the Translog
Stochastic Frontier Models (Inefficiency Model (5.3))
Stochastic Frontier Parameter Coefficient Standard-
error
t-ratio
Constant 3o 4.8016 0.0435 110.4099
/«(Area) 3 . 0.8129 0.0723 11.2481
/«(Cost) 32 0.0134 0.0236 0.5696
/«(Nitrogen Fert) 3.3 0.0653 0.0369 1.7702
/«(Phosphorous Fert) 34 0.1039 0.0480 2.1665
/«(Seed) 3.3 0.0159 0.0571 0.2776
/«(Area)^ 3 l l -0.3707 0.0940 -3.9435
/«(Cost)^ 322 0.0015 0.0080 0.1933
/«(Nitrogen Fert.)" 333 0.0043 0.0171 0.2491
/«(Phosphorous Fert.) 344 0.0343 0.0218 1.5703
/«(seed)^ 355 -0.1984 0.1067 -1.8592
/«(Area)x/«(Cost) 3 l2 -0.0050 0.0229 -0.2195
/«(Area)x/«(Nitrogen Fert.) 3l3 0.0491 0.0600 0.8174
/«(Area)x/«(Phosphorous Fert) 3l4 -0.0509 0.0295 -1.7228
/«(Area)x/«(Seed) 3.5 0.3364 0.0804 4.1821
In (Cost)x/«(Nitrogen Fert.) 323 0.0002 0.0044 0.0400
/«(Cost)x/«(Phosphorous Fert.) 324 0.0032 0.0055 0.5878
/«(Cost)x/«(Seed) 325 0.0008 0.0215 0.0365
/«(Nitrogen Fert.)x/«(Phosphorous 
Fert)
334 -0.0019 0.0114 -0.1692
/«(Nitrogen Fert.)x/«(Seed) 335 -0.0863 0.0561 -1.5380
/«(Phosphorous Fert.)x/«(Seed) 345 0.0265 0.0248 1.0655
Inefficiency Model
Constant 6o -3.0239 2.7040 -1.1183
FsizexDump 5 . -0.0310 0.0207 -1.4946
EducxDump Ö2 -0.0781 0.0497 -1.5701
DumtxDump Ö3 -0.4423 0.3972 -1.1136
Fsize Ö4 0.0266 0.0176 1.5143
Educ Ö5 0.0474 0.0312 1.5189
Variance Parameters
2.1071 1.2849 1.6399
Y 0.9643 0.0198 48.6836
IniLikelihood) -701.2480
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The parameters of the above stochastic frontier models and the technical efficiencies of 
cotton farmers can be estimated by Frontier 4.1, a program developed by Coelli (1996). 
The maximum likelihood estimates of the parameters to be estimated, such that the 
variance parameters are expressed in terms of and y defined as:
a /=  <7v^ + and y = 
where y has a value that lies between zero and one.
Frontier 4.1 was originally developed to calculate estimates for various models that have 
appeared in the literature and to provide asymptotic estimates of standard errors along 
with individual and mean efficiency estimates. For instance, the program can 
accommodate panel data; time-varying and invariant efficiencies; both cost and 
production functions; half-normal and truncated normal distributions. The program 
follows a three-step method in calculating the maximum likelihood estimates of the 
parameters of a stochastic frontier production function. It starts by calculating the 
Ordinary Least Squares (OLS) estimates of all ^s with the exception of the intercept. 
Then, a two-grid search of y is performed with the Po and parameters adjusted 
according to the corrected ordinary least squares formula presented in Coelli (1993). Any 
other parameters are set to zero at this stage. Finally, the program computes the final 
maximum likelihood estimates using the Davidon-Fletcher-Powell Quasi-Newton 
iterative procedure.
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In the translog stochastic frontier production function, the elasticities of output with 
respect to the different inputs are functions of the levels of the inputs involved. The 
elasticities of mean output with respect to the different variables; Area, Cost, Nitrogen 
fertilizer. Phosphorous fertilizer and Seed; for the translog production function were 
positive. The elasticity of mean output with respect to Area is very large since it 
amounted to 0.8129. So Area has the highest contribution to the cotton production output. 
Both Nitrogen and Phosphorous fertilizers have a positive effect on the production of 
cotton. Their elasticities are 0.0653 and 0.1039 respectively. As for the variable seed, its 
elasticity is 0.0159.
The predicted technical efficiencies for cotton production for the year 1995, obtained 
from the translog model, range from 0.0297 to 0.9225, with a mean technical efficiency 
of 0.6620. Nearly 18 percent of the farmers have technical efficiencies ranging between 
0.8 and 0.85. The highest frequency distribution of technical efficiencies for Punjab is 
recorded in the range 0.8 and 0.85 like in the case of the pooled data. As for the Sindi 
farmers, the range 0.75 and 0.8 contained the highest frequency of technical efficiencies.
5.2 The Semi-parametric Model
An alternative specification to the parametric model was to re-estimate the coefficients of 
the inefficiency variables that are of particular interest in our study, using a semi- 
parametric procedure. The results of the semi-parametric model are presented is this
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section. A comparison between the results of the parametric and semi-parametric 
procedures is made towards the end of this chapter.
Our semi-parametric model was composed of the non-parametric specification of the 
stochastic production function, as described in (3.15), and the linear technical 
inefficiency model defined in (5.2). The ordinary least squares of the estimates for the 
parameters in the semi-parametric approach combined with the inefficiency model (5 .3 ) 
are presented in Table 11.
Table 11: OLS Estimates for Parameters of the Semi-parametric Model 
(Inefficiency Model (5.3))
Coefficient^ Standard-error t-ratio
FsizexDump -0.0029 0.0028 -1.0612
EducxDump -0.0169 0.0088 -1.9118
DumtxDump -0.0329 0.0413 -0.7974
Fsize 0.0066 0.0023 2.9215
Educ 0.0140 0.0077 1.8098
Adjusted n  = 0.0185 
F test = 4.7218
The first three variables of the inefficiency model (5.3), FsizexDump, EducxDump and 
DumtxDump are negative whereas the two variables Fsize and Educ are positive. These 
results confirm our findings of the translog stochastic production function. The semi- 
parametric approach gave lower values for the inefficiency coefficients, compared with 
the parametric approach. The statistical significance values of the variables Fsize,
 ^The sign of the coefficients is reversed to express the amount of inefficiency of production, as indicated in 
the parametric model, rather than the amount of efficiency, as defined in the semi-parametric model.
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EducxDump and Educ are higher. We can draw the same conclusions about how farm 
size in Punjab is efficient and that increasing the farm sizes in Punjab can make the 
farmer more efficient. As for Sind, farm sizes should decrease to achieve better rates of 
efficiency. We can make the same interpretations for the education variable. The more 
educated the Punjabi farmers are, the more efficient they are. As for farm owners, they 
are efficient than tenants in Punjab. Similarly to the parametric approach, farm size and 
education are counter-productive for Sind.
The mean and median elasticities of output with respect to the different variables; Area, 
Cost, Nitrogen fertilizer. Phosphorous fertilizer and Seed; estimated by the semi- 
parametric approach, are presented in Table 12.
Table 12: Output Elasticities Computed by the Semi-parametric and Parametric 
Models
Variables Semi-parametric ParametricMean Median Min. Max. Sample Mean Sample Mean
Area 0.1955 0.1422 -0.0643 1.0760 0.2224 0.8129
Cost 0 0 0 0 0 0.0134
Nitrogen Fert. 0.0223 0.0171 -0.1500 0.5340 0.0223 0.0653
Phosphorous Fert. 0.2909 0.2930 -0.4760 0.8591 0.5675 0.1039
Seed 0.2138 0.1825 -0.6377 0.9265 0.2361 0.0159
The different elasticities whether defined at the mean, median or at the sample mean are 
positive except for the cost. The mean elasticities of Phosphorous fertilizer and seed are 
the highest among all the elasticities, followed by the mean elasticity of area and then 
Nitrogen fertilizer. The median elasticities have the same rankings. So Phosphorous 
fertilizer has the highest contribution (nearly 29 per cent) to the cotton production.
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followed by seed. Cost seems to have no effect on the production of cotton. Table 12 
presents also the different elasticities computed by the parametric estimation technique. 
In both parametric and semi-parametric procedures, we see that cost has the lowest 
impact on the output with 0.0134 as elasticity computed by the stochastic frontier and has 
no impact on the output if we consider the estimation of the semi-parametric method. The 
major difference between the two approaches is presented by the elasticity of area. Area 
has the highest contribution to the output if computed by the parametric way but a 
relatively low contribution if calculated using the semi-parametric method. As for the 
other variables, the semi-parametric approach gives higher elasticities compared to the 
parametric way.
The predicted technical efficiencies for cotton production, obtained from the semi- 
parametric model, range from null to 0.9906, with a mean technical efficiency of 0.6794 
whereas the predicted technical efficiencies for cotton production, obtained from the 
translog model, ranged from 0.0297 to 0.9341, with a mean technical efficiency of 
0.6620. Summary statistics of technical efficiencies are shown in Table 13.
Table 13: Technical Efficiencies for Punjab, Sind and the Whole Sample Computed 








Mean 0.6905 0.6669 0.5881 0.7118 0.6620 0.6794
St. Dev. 0.1744 0.1309 0.2172 0.1804 0.1928 0.1477
Median 0.7499 0.6693 r 0.6065 0.7533 ^0.7193 0.6882
Min. 0.0297 0.1731 0.0897 0 0.0297 0
Max. 0.9225 0.9906 0.9341 0.9634 0.9341 0.9906
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The frequency distributions of technical efficiencies of cotton production during 1995; 
using semi-parametric and the translog models; are shown in Figure 1. The graph shows 
within intervals of width 0.05 the frequencies of occurrence of technical efficiencies. The 
translog model shows that the technical efficiency interval [0.8, 0.85] has the highest 
frequency of cotton producers whereas the semi-parametric method shows that the 
technical inefficiency interval [0.65, 0.7] has the highest frequency of cotton producers.
Figure 1: Frequency Distributions of Technical Efficiencies (Overall)
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Technical Efficiency
Considering the provinces of Punjab and Sind apart, the predicted technical efficiencies 
for cotton production in Punjab, obtained from the semi-parametric model, range from 
0.1731 to 0.9906, with a mean technical efficiency of 0.6669 whereas the predicted 
technical efficiencies for cotton production in Sind, ranged from null to 0.9634, with a
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mean technical efficiency of 0.7118. The frequency distributions of technical efficiencies 
of cotton production during 1995, using semi-parametric and the translog models for both 
Sind and Punjab are shown in Figure 2 and Figure 3 respectively. The latter graph shows 
within intervals of width 0.05 the frequencies of occurrence of technical efficiencies for 
both the translog stochastic frontier model and the semi-parametric model. The translog 
model shows that the technical efficiency interval [0.8, 0.85] has the highest frequency of 
cotton producers in Punjab whereas the semi-parametric method shows that the technical 
inefficiency interval [0.6, 0.65] has the highest frequency of cotton producers.
Figure 2: Frequency Distributions of Technical Efficiencies (Punjab)
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Figure 3 shows that the technical efficiency interval [0.8, 0.85] has the highest frequency 
of cotton producers in Sind. The semi-parametric method shows also that the technical
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inefficiency interval [0.8, 0.85] has the highest frequency of cotton producers. However, 
the values of the mean cotton production were different. The mean production was 
estimated to have a value of 0.5881 if calculated using the translog stochastic frontier 
model and 0.7118 if calculated using the semi-parametric approach.
Figure 3: Frequency Distributions of Technicai Efficiencies (Sind)
□  Translog 
■  Semi-pa ra metric
Figure 4 shows the cumulative frequency distributions of technical efficiencies in the 
province of Punjab.
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Figure  4: C um ul a t i ve  F r e que nc y  Dis t r ibut i ons  of T e c h n i c a l  Ef f i c i enc ies  ( Pun jab )
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We see that, in figure 4, the translog method estimates a higher frequency of technical 
efficiencies less than 55 percent compared to the semi-parametric method whereas the 
semi-parametric approach estimates higher frequencies less than 85 percent compared to 
the parametric approach. Figure 5 shows the cumulative frequency distributions of 
technical efficiencies in the province of Sind.
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Figure 5 shows that the translog method estimates higher frequencies of technical 
efficiencies compared to the semi-parametric method, for all the ranges starting at the 
level of 20 percent. We have found that 35.04 percent of the Sindi farmers have an 
efficiency rate less than 50 percent using the parametric method and only 10.95 percent 
using the semi-parametric method. Higher technical efficiencies were recorded to occur 
at the range of [0.7 , 1] for Sindi farmers. For instance, the percentage of Sindi farmers 
that belonged to this range amounted to 36.5 percent using the parametric method and 
64.33 using the semi-parametric method. Punjabi farmers recorded 20.14 percent and
9.05 percent for technical efficiency rates less than 0.5 using the parametric and the semi- 
parametric methods respectively. There were more farmers producing at technical
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efficiency rates higher than 0.7. We recorded 53.3 percent using the parametric approach 
and 47.41 percent using the semi-parametric approach.
The results in our study confirm the findings of Burki et al (1998) and Heltberg (1998). 
They have stated that a negative relation exists between farm size and the output of the 
farm in the province of Punjab. Though they did not specify any crops, their findings 
hold in our case where we have considered the production of cotton. These results about 
the province of Punjab contradict the findings of Farman et al. (1996) who had stated that 
small farms seem to be more efficient than large farms as in the case of Sind. As for 
education, we draw similar results to Battese et al (1996) and Burki et al (1998) for the 
province of Punjab, since technical inefficiencies decrease with greater formal schooling. 
The counter-productivity of education of farmers in the province of Sind can be related 
with the work of Khan et al (1996-1997) where they suggest that large landlords had an 
adverse impact on the farmers' education attainments. Large landlords want to preserve 
the existing order of power by opposing education. Since large landlords own 42 percent 
of the cultivated land, the impact of education is minor because farmers are constrained 




The purpose of this thesis was to examine the factors that affect the efficiency of cotton 
farmers in the provinces of Punjab and Sind. Using parametric and semi-parametric 
specifications to represent the stochastic production frontier, we tried to investigate the 
effects of the distribution of land, tenurial status and education on the farmers' 
performance in the two provinces.
The results show that all the factor inputs, used in this study, have a positive effect on the 
total cotton production. Though the magnitude of effects of these inputs varied in the 
estimations of the parametric and semi-parametric approaches, they both agree that 
increasing the area, the amounts of fertilizers and the quantities of seed, lead to better 
harvest.
It has been found that the farm size is an important factor in determining and explaining 
the efficiency differentials between the two Provinces, Sind and Punjab. Large farms in 
Punjab were more efficient than small farms. This suggests that it would be efficient to 
increase farm sizes in Punjab. As for Sind, there is a need to decrease farm sizes in order 
to increase efficiency. This can be explained by the general observation that distribution
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of land is still very skewed in Sind. Education is also an important factor in increasing the 
efficiency of the farmers. It has been shown that, in Punjab, the more educated the 
farmers are, the more efficient they are. On the other hand, Sindi farmers' performance 
does not improve with higher schooling years. This suggests that farmers in Sind are 
structurally constrained and are unable to use their educational background to increase 
productivity. Finally, owner operated lands in Punjab are more efficient than the one 
operated by tenants.
To sum up, policy makers should try to improve the education level of farmers in the 
province of Punjab. The government should implement land distribution reforms in both 
provinces so that farm sizes in Sind get less skewed. They should also encourage land 
ownership by facilitating the purchase of fields in order to achieve better results in the 
agriculture sector in Pakistan.
58
BIBLIOGRAPHY
Afriat, S. 1972. "Efficiency Estimation of Production Functions," International Economic 
Review 13(3): 568-598.
Aigner, D. and S. Chu. 1968. "On Estimating the Industry Production Function," 
American Economic Review 58: 826-839.
Aigner, D., K. Lovell, and P. Schmidt. 1977. "Formulation and Estimation of Stochastic 
Production Function Models," Journal of econometrics 6: 21-37.
Anwer, M., and R. Sampath. 1996. "Inequalities in Land Distribution in Pakistan," 
Pakistan Economic and Social Review 34(2): 119-143.
Battese, G. 1998. "A Methodological Note on a Stochastic Frontier Model for the 
Analysis of the Effects of Quality of Irrigation Water on Crop Yields," Pakistan 
Development Review 37(3): 293-298.
Battese, G., and S. Broca. 1997. "Functional Forms of Stochastic Frontier Production 
Functions and Models for Technical Inefficiency Effects: A comparative study for wheat 
Farmers in Pakistan," Journal of Productivity analysis 8: 395-414.
Battese, G., and T. Coelli. 1992. "Frontier Production Functions, Technical Efficiency 
and Panel Data with Application to Paddy Farmers in India," Journal of Productivity 
Analysis 3: 153-169.
---- . 1995. "A Model for Technical Inefficiency Effects in a Stochastic Frontier
Production Function for Panel data," Empirical Economics 20: 325-332.
Battese, G., S. Malik, and M. Gill. 1996. "An Investigation of Technical Inefficiencies of 
Production of Wheat Farmers in Four Districts of Pakistan," Journal of Agricultural 
Economics 41(1): 37-49.
Burki, A., and H. Shah. 1998. "Stochastic Frontier and Technical Efficiency of Farms in 
Irrigated Areas of Pakistan's Punjab," Pakistan Development Review 37(3): 275-291.
59
Chaudhary, М., and S. Mufti. 1999. "Translog Cost Function Estimation of Farmer 
Production and Employment Relationships," Pakistan Economic and Social Review 
37(1): 39-60.
Christensen, L., D. Jorgensen and L. Lau. 1971. "Conjugate Duality and the 
Transcendental Production Function," Econometrica 7: 255-6.
Coelli, T. 1993. "A Finite Properties of Stochastic Frontier Estimators and Associated 
Test Statistics," Working Papers in Econometrics and Applied Statistics, No. 70, 
Department of Econometrics, University of New England, Armidale.
---- . 1996. "A Guide to Frontier Version 4.1: A computer Program for stochastic Frontier
Production and Cost Function Estimation," СЕРА working paper 96/07.
Fared, M. 1957. "The Measurement of Productivity Efficiency," Journal of Royal 
Statistics Society, Series A, General 120: 253-281.
Farmen, A., A. Parikh, and K. Shah. 1996. "Measurement of Economic Efficiency Using 
the Behavioral and Stochastic Cost Frontier Approach," Journal of Policy Modeling 
18(3): 271-287.
Government of Pakistan, Finance Division, Economic Adviser's Wing. 1996. Economic 
Survey 1995-1996. Islamabad: Printing Corporation of Pakistan Press.
Government of Pakistan, Finance Division, Economic Adviser's Wing. 2000. Economic 
Survey 1999-2000. Islamabad: Printing Corporation of Pakistan Press.
Greene, W. 1997. "Frontier Production Functions," Handbook of applied econometrics, 
Vol. II: Microeconometrics. Pearan, H., and P. Schmidt, ed. Cambridge: Blackwell 
Publishers Ltd.
Hardle, W. 1990. Applied Nonparametric Regression. New York: Cambridge University 
Press.
Heltberg, R. 1998. "Rural Market Imperfections and the Farm Size-Productivity 
Relationship: Evidence from Pakistan," World Development 26(10): 1807-1826.
Huang, C., and J. Liu. 1994. "Estimation of a Non-neutral Stochastic Frontier Production 
Function," Journal of Productivity Analysis 5: 171-180.
Khan, K. 1991. A Geography of Pakistan: Environment, People and Economy. Karachi: 
Oxford University Press.
Khan, M.1981. Underdevelopment and Agrarian Structure in Pakistan. Colorado: 
Westview Press/Boulder.
60
Khan, S., and R. Siddiqui. 1996-1997. "Landed Power and Rural Schooling in Pakistan," 
Pakistan Journal of Applied Economics 12(-132-1): 127-142.
Khanna, M., K. Mundara, and A. Ullah. 1999. "Parametric and Semi-parametric 
Estimation of the Effect of Firm Attributes on Efficiency: the Electricity Generating 
Industry in India," The Journal of International Trade & Economic Development 8(4): 
419-436.
Nabi, I., N. Hamid, and S. Zahid. 1991. The Agrarian Economy of Pakistan: Issues and 
Policies. Karachi: Oxford University Press.
Pagan, A., and A. Ullah. 1999. Nonparametric Econometrics. New York: Cambridge 
University Press.
Parikh, A., and K. Shah. 1994. "Measurement of Technical Efficiency in the North-West 
Frontier Province of Pakistan," Journal of Agricultural Economics 45(1): 132-138.
Racine, J. 1995. "NPREG© Version 2.2 Nonparametric Kernel Regression Software 
Users Manual," Dept of Economics, College of Business administration. University of 
South Florida.
Richmond, J. 1974. "Estimating the Efficiency of Production," International Economic 
Review 15: 515-521.
Schmidt, P. 1976. "On the Statistical Estimation of Parametric Frontier Production 
Functions," Review of Economics and Statistics 58: 238-239.
Seale, J. 1990. "Estimating Stochastic Frontier Systems with Unbalanced Panel Data: the 
Case of Floor Tile Manufactories in Egypt'. Journal of Applied Econometrics 5: 59-74.
Shafiq, M., and T. Rehman. 2000. "The Extent of Resource Use Inefficiencies in Cotton 
Production in Pakistan's Punjab: An Application of Data Envelopment Analysis," 
Agricultural Economics 22(3): 321-330.
Silverman, B. 1986. Density Estimation for Statistics and Data Analysis. London: 
Chapman and Hall.
Yatchew, A. 1998. "Nonparametric Regression Techniques in Economics," Journal of 






To estimate the multivariate conditional mean functions, mentioned in the text, a 
computer program called NPREG© Version 2.2 was employed. It was developed by 
Racine (1995) to estimate, in addition to the conditional mean, partial derivatives and its 
associated standard errors. The program uses non-parametric density-based estimation 
techniques and assumes no pre-specified functional forms prior to the estimation like in 
the parametric methods. The program assumes that the conditional mean comes from the 
class of functional forms consisting of twice-differentiable functions (C2).
To present the non-parametric kernel regression estimation techniques, let us consider the 
model
Yi = M(Xi )  + Ui, for i =
where M ( Xi ) = E (Yi \ X,·), is the unknown regression function and m, is the error term 
such that E ( w,· | X, ) = 0 and Var ( Uj | X/) = a .^
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Two important assumptions need to be made to ensure that the data generating process 
(DGP) is Nadaraya-Watson kernal estimators, which form the basis of NPREG© Version 
2.2. The first assumption is that the observations ( y, , x, ) need to be a realization of an 
independent and identically distributed stochastic process ( F,, X, ) with the expectation 
of any F„ E ( F ,) < E( F /) < oo, to ensure the existence of the conditional expectation of 
F, E ( F I Xi )· The second assumption is that E ( F | X, = x) needs to be at least twice 
continuously differentiable.
The Nadaraya-Watson kernel estimator of the conditional mean function E(F | ) is given
by the equation
Z  y . K
M  ( x )  =
7 = 1





X J -  X
= ^ y j R  j { x )
h
7 = 1
K(.) is the kernel function, /i is a vector of bandwidths and n is the sample size. The 
Nadarya-Watson kernel estimator for the partial derivatives of the conditional mean 
function is defined by
¿(■^) = E  y
7=1
where Rj ( x ) = dRj( x ) /  dx
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To ensure the consistency of M W and 0 (x), the following conditions should be 
satisfied. First, the kernel function K(z), z e should be twice continuously 
differentiable real bounded function satisfying
r  zK{z)dz = = 0
r  K{z)dz  =  Ato =  1J —oo
and
f r ( J _  zz K ( z ) dz )  = JH: -< OO
Second, as the sample size n goes to infinity, the bandwidth vector h approaches zero. 
Third, as n goes to infinity, the product of the bandwidth vector h and the sample size n 
goes to infinity.
NPREG© Version 2.2 uses the product Epanechnikov kernel for estimating the different 




if z ] <5
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while the multivariate product Epanechnikov kernel is given by
K(z)  = f l K ( z j )
J = I
for Z=(Zl,..;Zl,)·
The bandwidth that minimizes the integrated mean square of for any variable j  is given 
by
h] = c , (/<:(.), /(.)) (T •1/(4+/)) _= C j d j n ■1/(4+/))
where Oj is the standard deviation of the f ’ variable, n is the sample size, p is the number 
of regressors and the scaling factor Q, Cj = Cj (K(.), /(.)), is an unknown constant that 
depends on the kernel function and the different distributions of the regressors. The 
scaling factor is obtained by the cross-validated bandwidth selection algorithms. For 
more information about non-parametric regression techniques, see Hardle (1990), Pagan 
et al (1999), Silverman (1986) and Yatchew (1998).
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APPENDIX B
SAMPLE OUTPUT OF FRONTIER 4.1c
Output from the program FRONTIER (Version 4.1c)
instruction file = terminal 
data file = sondell.dat
Tech. Eff. Effects Frontier (see B&C 1993) 
The model is a production function 
The dependent variable is logged






















































































































The deltas' stand for the intercept, FsizexDump, EducxDump, DumtxDump, Fsize and Educ.
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log likelihood function = -0.70124805E+03
LR test of the one-sided error = 0.15631403E+03
with number of restrictions = 7
[note that this statistic has a mixed chi-square distribution]
number of iterations = 55
(maximum number of iterations set at : 
number of cross-sections = 983
number of time periods = 1
total number of observations = 983
100)
thus there are: 
mean efficiency
























































































Seed Fsize Dumt Dump Educ
4 0.£ 24C 32: c1 A Al· 1 1 0
35 1 49C QA c1 101 101 1 1 0
1 1.5 52C 01 231 12: 91 1 1 6
3 0.5 200 32: 01 4 14 1 1 0
10 1 420 32: 231 5 2.5 1 1 0
11 1 420 32: 01 5 4 1 1 0
17 2 900 64 0 ^ 8 5 1 1 0
11 1 440 32 23 5 4.5 0 1 0
12 2 1000 64 46 10 5 1 1 14
30 2 1000 32 23 8 6 1 1 0
40 1.8 1000 32 23 7 3 1 1 0
14 2 850 64 46 8 5 1 1 0
10 2 600 64 46 8 6 1 1 8
6 1 260 64 23 8 5 1 1 5
16 2 400 64 23 16 6 0 1 5
110 6 4800 384 0 24 20 1 1 12
12 1.5 400 64 0 12 5 1 1 0
17 2.5 1200 160 23 10 10 0 1 0
100 4.5 1000 144 184 20 9.5 1 1 10
10 2 1000 32 23 14 11 1 1 0
9 0.5 100 16 0 4 7.5 1 1 0
12 2 940 64 46 8 7 1 1 2
17 2 1000 64 23 16 5 1 1 16
4 0.5 400 32 0 3 3 1 1 8
12 1.5 400 64 0 12 6 0 1 10
600 20 12600 1280 0 100 20 1 1 10
42 6 0 384 138 35 43 1 1 12
22 1 500 64 0 5 1.3 1 1 8
21 2 960 64 46 14 3 1 1 0
70 6 3000 384 276 30 10 1 1 0
21 1 700 96 23 7.5 1.5 1 1 10
10 1 600 32 0 10 2 1 1 0
24 2 1400 128 46 10 2 1 1 0
60 4 2000 256 92 20 6.25 1 1 5
20 2 1060 128 92 10 4 1 1 10
52 4 2500 256 92 20 6 1 1 0
20 1 480 64 46 6 4 1 1 0
30 3 1500 192 69 18 4 1 1 0
40 2 960 64 46 12 3 1 1 0
40 4 2800 256 92 24 8 1 1 10
20 1 480 32 0 6 2 1 1 0
70
3( 2 96( 12Í3 9Í> 1Í> '3 1 0
3( Í 150( 1923 6Í3 1Í3 :3 ( 1 12
6( ( 348( 38-: 13ÍÎ 365 63 : 1 4
7i 2 21OC 192> 6Í3 163 6.7Î5 1 1 0
4C 2 150C 96) 6Í3 26) 4.65 1 1 0
3( 2 116C 126Í 46) 12) r 1 1 0
32 2 C 126Î 46) 1C) ^ 1 1 0
1C 2 96C 64ί 46) 12Î 2Î 1 1 0
12 1 50C 64 26! 5; 1 1 1 0
4£ r 180C 961 6£1 15; 4 1 1 0
36 £ C 96i 461 151 5 1 0
6C A 280C 1281 46I 201 51 1 1 0
72 3.5 1600 192 1381 201 5.51 01 1 0
105 7 3920 448 161 42 231 01 1 0
45 3 1500 96 69 18 6 1 1 0
120 10 4800 64 46 60 16 1 1 4
120 6 2880 384 138 36 15 1 1 5
15 1 700 64 23 7.5 1.5 1 1 8
40 2 960 128 46 12 4 1 1 0
10 3.3 2275 104 0 20 6.25 1 1 5
2 0.3 200 24 0 2 3 - 1 8
15 1.5 800 96 23 8 6 0 1 0
20 2 1400 64 0 14 5 0 1 0
15 1 300 32 0 5 10 - 1 10
25 1 350 64 23 7 1.5 1 1 6
55 3 1400 192 0 18 8 -| 1 8
80 6 3500 192 69 48 12 1 10
50 2 1000 192 92 12 3 0 1 0
80 8 6000 256 184 48 15 1 1 5
90 6 3500 192 69 36 25 1 1 0
30 1.5 950 96 0 8 2 0 1 0
60 6 4200 192 138 38 11 0 1 0
18 1 550 64 23 6 2.5 1 1 0
90 8.5 0 544 195.5 64 16.5 0 1 0
20 2 1400 64 46 12 2 1 1 10
11 1 600 32 0 6 6.2 1 1 3
20 1 700 64 23 8 2 1 1 0
70 7 5600 224 161 42 10 1 1 0
136 4 0 128 92 16 65 1 1 10
6 0.5 225 32 0 3 5.3 1 1 5
64 4 1960 128 92 16 9 1 1 9
8 0.5 370 32 0 4 2.5 1 1 11
60 4 2700 128 0 24 16 1 1 3
5 0.5 210 32 0 3 2.5 1 1 0
1 0.3 450 32 0 4 13.9 1 1 0
4 0.5 700 32 0 8 5.5 0 1 0
8 0.5 320 32 0 2 4 1 1 12
17 1 420 32 0 4 4 0 1 0
112 7 350 64 23 56 30 1 1 0
10 1 480 32 0 8 5 1 1 3
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25( İÎ 614( 83Í2 29S? 8() 13.'5 () 1 8
14( : 336C 89e5 16- 5(  ^ () 1 0
112Í 4Í ( () 103Í) 36() 41^  () 11 0
12Í { 336C 76Í} C) 6^ l· К) () 11 0
150( 7( ( C) 161C) 56C) 7Í5 C) 11 10
9C 24C 384 C) 32! 5.5i C) 1 6
70C 2Í 168C 2688 C) 28C) 31.5 C) 1 0
10C 20C 512! 92! 32! 4 1 1 8
18C e 300C 576; 136! 45; 6i 01 1 5
10C 4 200C 512: 921 24 4l· 1 1 5
155C 47 2820C 01 1081 4501 601 1 1 0
200 7 350C 896i 161 561 81 01 1 0
40 1 540 32 231 101 1.25. 0 1 0
40 2 840 64 01 16; 201 1 0
28 1 420 64 23i 8 2: 1 1 5
45 2 840 128 0 ^ 16 3 1 0
50 3 1440 192 69 24 4 1 0
110 5.5 2750 544 34.5 44 6 0 1 0
300 10 5000 1280 230 60 10.5 0 1 0
160 8 3360 768 184 48 8.9 0 1 0
45 2 960 128 46 16 3.25 ■ 1 0
50 2 840 128 46 16 2.5 1 1 0
60 3 960 384 0 24 4 0 1 0
30 1.5 810 96 34.5 12 2 0 1 0
9 1 480 64 23 8 1.5 1 1 0
25 1.5 720 96 46 12 1.5 0 1 0
65 3.5 1470 224 92 28 5.75 1 1 0
150 7 1120 672 161 56 11 1 1 0
200 11 5280 1056 253 110 13 0 1 0
60 4 960 256 46 40 4.5 1 1 0
12 0.5 340 32 0 2 1 1 1 0
15 1 360 64 0 5 2 1 1 0
30 1 500 64 23 8 2 1 1 0
50 2 960 128 46 20 3 1 1 0
15 1 360 64 0 8 3 0 1 0
20 0.8 450 32 23 4 1 1 1 0
188 10 6000 640 230 60 12 0 1 0
120 4 1680 256 92 32 9.5 1 1 0
800 35 1400 0 805 210 38 1 1 5
10 1 200 64 23 4 1 1 1 0
25 1 420 64 23 8 1.4 0 1 0
30 1.5 720 96 46 15 1.5 1 1 3
150 12.5 9500 1216 0 125 13 0 1 0
100 5 4500 480 115 50 7.5 1 1 0
100 5 3800 320 0 40 7.5 1 1 7
60 2.5 1200 256 69 15 2.5 0 1 0
40 1.5 1500 160 46 15 2 0 1 0
300 13 4880 1248 299 78 14 0 1 0
40 2.5 1200 416 0 20 3 0 1 0
100 4 1680 256 0 40 4 1 1 5
45 2 840 128 0 20 2 1 1 0
73
11C 4 168C 255: 92! 32! 4 C» 1 0
17 1.5 72C 95¡ С1 12! 2.75; 1 1 0
2C 2 96C 125t С1 15; 2.5; 1 1 0
ЮС 5.5 264C 544L 1381 331 6; 01 1 0
2C 1 42C 64 231 8t 1.5 1 0
19C 12 576C 768ί 2761 96i 15i 1 1 0
400 19 1900 2432: 437' 152: 21 1 1 5
240 12 9360 7681 2761 96: 17.5 01 10
60 5 2400 3201 01 501 7 1 ■ 0
3 1.5 720 1601 46i 15 1.5 1 1 5
400 25 1500 16001 0' 150 35.5 0 1 0
275 10 5400 640 0 100 16 0 1 0
60 6 2880 384 0 60 10.5 1 1 0
40 2.5 1460 224 69 20 2.5 0 1 0
20 1 200 64 23 8 1.5 0 1 7
60 2320 256 0 24 8 ' 1 0
80 4 6800 384 92 32 l. 1 1 0
20 1 540 64 46 8 2.5 1 1 0
75 3 1200 160 69 24 4.5 1 1 0
50 2 1000 96 46 16 2.5 - 1 0
384 24 0 768 552 192 30 1 1 0
65 3 960 96 69 24 4 1 1 0
60 3 1500 96 69 24 4.5 ' 1 0
65 3 1200 192 69 24 4 1 1 12
180 9 4500 288 207 72 12.5 1 1 0
70 7 2260 224 0 56 12.5 1 1 8
140 7 2240 224 161 56 8 1 1 0
64 4 1120 128 0 32 5 0 1 5
90 4 1280 128 92 32 5 1 1 0
170 8 3200 256 184 64 8 1 1 0
25 3 960 96 0 24 3 0 1 5
80 4 1280 128 0 32 4 0 1 5
350 25 0 800 575 200 37 1 1 0
35 2 1000 64 46 16 2 1 1 10
85 12 3840 384 0 80 12 1 1 5
60 4 1120 128 92 32 4 1 1 0
65 5 1600 160 0 40 6.5 1 1 0
5 3.5 980 128 0 28 12.5 1 1 0
10 1 120 64 23 6 1 1 1 0
84 7 3080 448 161 35 8 0 1 0
24 3 900 192 23 15 5 1 1 10
8 1 490 64 23 5 1.5 1 1 0
10 1 490 64 23 5 3 1 1 0
25 1.5 500 96 23 8 2 1 1 0
250 10 4800 320 230 80 12.5 1 1 0
120 5 2600 288 115 45 7 1 1 0
140 7 3360 448 161 56 8.25 1 1 12
175 10 4000 320 115 60 16.5 0 1 10
180 10 4000 320 230 80 12.5 1 1 0
85 3 960 64 0 24 4 1 1 0
165 10 3200 160 115 80 12.5 1 1 0
74
7î Í 150C 16C) 6£) 26) ^ 1 1 0
15C Í 320C 256 C) 46î 12.6i 1 1 0
6C 2 90C 6^ 46) 16Í 4.26i 1 1 10
84 3.5 C 12£( 92î 32! 4 1 1 4
30C 1£ 864C 576I 4^ A 18C) 26; 1 1 5
20C 1C 400C 32C1 116i 8C 12! 1 1 5
62 2 1200 961 26! 24 1 ■ 0
40C 20 0 64C1 23C) 12C 26; 1 ■ 5
60 3 1440 96i 26( 24ί 21 1 1 5
160 6.5 3250 192: 13£; 52: 7 1 1 0
80 4 2200 1281 92: 32: 8ί 1 1 0
40 2 1000 64 461 16i 2.81 1 1 0
33 3.3 1040 96 691 26i 6i 1 0
50 2.2 1125 96 691 16 2.8; 1 - 5
30 1.5 420 64 0 12 2 1 1 10
100 8 4900 512 184 64 8 1 1 0
36 2 1000 64 46 16 3 1 1 0
80 4 1120 128 92 32 5 0 1 5
32 1.5 600 64 46 14 2 1 1 0
25 2.5 800 96 0 20 4 0 1 0
300 15 4200 800 345 120 16.5 0 1 0
80 5 1600 160 115 40 5.5 1 - 0
80 2.5 800 64 69 20 4.5 1 1 4
60 3 1050 96 69 24 6 0 1 0
50 2.5 1400 96 69 22 2.5 1 1 6
6 1 450 64 23 8 1 1 1 5
364 13 0 832 299 104 18 1 1 5
40 1.5 600 64 34.5 12 2.5 1 1 8
54 6 2880 192 0 48 8 1 1 0
60 2.3 1250 16 69 18 2.3 1 1 10
60 6 1680 192 138 48 8 1 1 0
17 1 450 32 23 7 1 1 1 5
250 10 5000 480 299 80 12 1 1 8
195 13 0 832 299 104 25 1 1 5
22 1 500 32 0 8 1.5 1 1 0
120 4 2000 192 92 36 9 0 1 10
135 5 1600 160 0 40 12 1 1 0
160 8 400 256 0 64 12.5 1 1 0
45 2.5 1400 96 69 22 4 1 1 0
80 4 2000 192 92 32 6 1 1 8
120 3 1800 160 69 24 3 1 1 0
80 4 1280 128 92 32 6 0 1 5
70 5 2000 192 115 40 10 1 1 0
130 6 2400 384 138 48 13 1 1 0
45 2.5 800 64 46 20 4.5 1 1 0
60 4 1600 128 92 38 12 1 1 0
684 38 15200 1216 874 304 40 1 1 5
60 4 2200 128 92 36 6 1 1 8
970 50 0 1600 575 400 60 0 1 0
90 5 2000 160 46 40 6 1 1 5
175 12 11520 384 138 120 12.5 0 1 0
75
7( 2.Î 130C 9(5 6£) 16} Í} 1 1 5
2ί 1 40C 32> 2£5 6 2 1I 1 0
6£ C 120C 16C) 6Í) 2^ ¿ 1 1 0
17£ £ 360C 28£Î 92Î 72> c 6 1 0
3£ 2.£ 120C 96 69) 22> ¿ 1 1 9
44C 22 1232C 70A 506) 226) 22 1 ■ 10
27 450 QA 2£1 6i 2) 1 5
12C A C 1281 92: 32> ci 1 1 0
27C 15 7200 48C> 3451 15C1 16: 1 1 0
160 10 4000 32C1 23C1 8C1 101 01 1 8
812 29 0 9281 667’ 2901 301 01 1 0
345 15 7200 4801 345I 1501 16i 01 1 0
20 1 480 64 23i 6 1 1 4
48 4 0 256 92 20i 201 1 - 0
45 2 160 128 46 12 15 0 1 0
2 0.5 210 32 0 3 3 1 1 0
120 10 3200 960 230 50 18 1 1 9
6 1 420 96 23 5 1.5 1 1 0
115 9 2860 864 207 40 12.5 1 1 6
30 3 0 320 115 25 12.5 0 1 0
35 6 3020 384 138 36 12.5 1 1 5
35 3 0 192 69 18 ■ 1 14
40 2.7 990 192 69 18 6 ■ 1 8
70 5 500 320 115 30 9 1 1 10
100 7 0 576 161 36 12.5 0 1 0
6 13 0 832 299 65 27 1 1 0
90 15 0 960 345 90 35 •1 1 6
25 5 2400 320 115 25 8 1 1 10
6 7 1000 448 0 42 15.2 Ί 1 8
60 6 0 480 138 30 14 1 1 0
10 2.5 1200 160 57.5 18 6 1 1 0
80 8 4000 512 184 40 12 1 1 0
200 12 8400 768 276 80 15 1 1 0
36 3 1440 192 69 18 5 0 1 8
22 4 1280 192 46 24 5 0 1 0
110 11 0 704 506 70 22 1 1 10
34 2 1000 128 46 10 5.75 1 1 8
70 4 1700 256 92 24 5 1 1 8
120 11 4400 96 23 55 12.5 1 1 0
150 10 3500 96 23 40 15 0 1 0
150 8.5 3900 96 23 42 9.5 1 1 0
8 0.5 240 32 23 4 0.75 1 1 5
120 7.5 3260 480 184 38 8 1 1 0
30 2 800 128 46 10 4.5 1 1 0
15 2.5 1320 224 46 17.5 5.3 0 1 0
500 35 0 2240 805 174 75 1 1 5
25 9 900 640 207 45 10 1 1 8
10 0.5 240 32 23 4 1 0 1 2
56 4 100 256 184 32 10 1 1 6
60 4.5 1530 3.84 92 23 5 0 1 0
20 2.5 900 64 23İ 12.5 3 1 1 0
76
77
1i 1.1 30( 9(3 6ÍЭ i:a :3 ■ 0
15( i ( 16(D 11Í5 4(3 123 10
8( 236( 25(3 9Í? 2^ 1 1Í3 I 1 0
2Í Í 80( 3Í> 2Í3 1Í> j3 1 8
4( Í 180( 9e3 6Í) 1Í) c3 1 1 0
20C К 600( 6^ 2Í3 8() 1C () 1 0
6( 2.Í 80( 16C) 6£) 2C) ^ c) 1 16
6Í) ^ C 192Î 66) 2A 1Í 1 1 10
8C 192C 256) 92! 32! 4 c) 1 6
2S 1 30C 32! 26! 61 £ 1 0
6C 2 96C 96; 661 18; £¡ 1 1 2
12 2 115C 192: 46i 16; 8! 0» 1 0
4C 4 100C 256; 92: 2A^ c 1 0
20 2 1000 128i 461 161 £1 0I 1 10
25 2 7 5 0 256i 461 161 21 ‘ 0
2 0 650 64 23 i 8; 1.5 0
15 550 32 2 3 ; 8; 1 ■ 1 0
20 2 950 128 46 16 2.5 1 - 0
18 2 1800 128 0 16 2.25 ' 0
35 4 2350 256 92 32 4 0 0
60 3 2200 288 69 24 4 1 1 0
40 2.3 1250 192 69 10 2.5 0 1 5
44 2 1350 192 46 10 2 1 ■ 0
200 7 4800 672 161 50 8 ■ 1 8
250 14 8600 448 322 112 16 1 - 0
140 5 2800 480 115 50 6 0 1 0
45 8 4400 768 0 64 9 Ί 1 8
40 2 1790 192 0 16 4 1 1 0
20 3 1100 96 69 20 24 1 1 0
25 Ί 650 96 0 8 2 0 1 0
10 1 1000 64 23 6 1 1 1 0
10 1 300 0 23 8 1 1 1 0
10 ■1 500 128 23 8 1 1 1 0
20 2 1600 96 46 16 12 1 1 0
65 3 1100 192 138 18 3.5 1 1 0
40 4 1600 384 92 32 5 1 1 4
35 1.5 700 96 0 10 2 1 1 0
50 2.5 1200 160 69 20 3 0 1 5
30 2 650 128 92 16 3 1 1 0
90 6 1600 640 138 40 6 1 1 0
120 6 4000 576 138 48 7.5 0 1 12
40 2.5 1600 320 0 10 4 1 1 0
32 4 3000 512 92 32 5 1 1 0
150 10 4000 640 460 100 12 1 1 0
280 10.5 4200 800 575 84 11.5 1 1 0
150 6.5 3150 1120 0 40 12 0 1 0
140 7 2450 896 0 42 8 1 1 0
100 7 4480 672 0 35 8 0 1 0
90 4.5 1400 576 0 27 11 0 1 0
400 30 0 1920 690 210 32 1 1 5




































































































































































































































































































































































13( £ 100( 48C) 11£5 4() £5 1 11 7
з: Í 150C 12£5 () К) 11 11 10
3^ 155C 12£ C) £} 2.£5 11 11 0
5( £ 480C 102^ 18^ 4() 12.£) 11 1 8
3£j r 155C 12£i C) 18) 2.85 11 1 0
3£ 100C 256) 92Î 48) 8) 1 1 5
3£ 2 80C 1281 48) 18) 2.8i 1 1 0
8C 500C 898Î C) 128) 17' 1 1 7
36C 18 2070C 1152: 414 81.2Î 37’ c1 1 10
з а 6 380C 512: 207 54 12.6I 1 1 6
3 0.4 150 32: c1 at 4.6; 1 1 0
35 6 2880 384 c1 24■ 19.62: 01 1 0
120 12 6000 384 2761 96¡ 191 1 1 4
19 1.5 600 96: 34.51 6; 21 01 1 0
10 2.5 1000 80' 01 101 4 1 1 0
30 3 1120 96 69 12 101 1 1 5
200 15 0 480 0 90 25 1 1 0
70 7 2625 448 161 42 11 1 1 0
40 4.5 1688 320 92 22.5 8 1 1 0
60 7.5 5250 480 0 35 12 0 1 0
40 4 0 128 0 20 75 0 1 8
15 1.5 450 32 23 6 12.5 0 1 0
20 2 640 64 46 16 3 1 1 10
7 0.8 300 32 0 3 2.25 1 1 5
40 4 0 384 92 16 13.5 1 1 9
7 1 1280 128 0 8 9.5 1 1 0
20 2 800 64 46 8 5 1 1 10
40 5 2400 160 115 20 12.5 1 1 8
30 1.8 360 64 46 7 2 0 1 0
70 3 2400 96 69 21 1 1 0 1 0
80 8 2400 512 184 40 15 1 1 4
80 6.5 0 416 0 26 8 1 1 0
35 4.5 0 160 69 18 8.25 1 1 8
30 3 0 192 69 18 4 1 1 8
60 6 0 384 138 24 12.5 0 1 3
25 2 700 128 46 8 3 1 1 0
35 3 1125 192 69 18 5 1 1 0
25 2 700 128 46 12 4 0 1 5
24 2 750 64 0 8 4 0 1 2
65 7 2100 384 230 28 12.5 0 1 1
120 8 0 256 184 32 12.5 0 1 0
60 5 1875 480 0 20 5 0 1 5
300 34 0 0 782 204 37.5 0 1 0
2 2 1.7 656 64 0 8 2 0 1 0
16 1.5 0 96 23 6 2.25 1 1 0
2 2 3 280 96 0 12 9.2 1 1 0
25 2 560 128 46 10 4 0 1 5
65 7 2450 448 0 28 13.12 1 1 0
19 2.5 0 128 0 10 4.25 1 1 8
120 12 5760 768 276 72 19 1 1 0
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7î { 500( 16() 23() 4() 65 1 11 0
9ί 5.{ ( 32C) 13f} 465 65 11 11 5
12( e 386C 57f) 13£) 46i 63 1I 11 8
13Í i 420( 192! 276) 46î 65 11 11 12
70C 4C 3100C 256C) 92C) 20C) 5C) c) 1 10
87Í 3Í 2100C 224C) 806i 28C) 37' c) 1 0
50C 2£ 2000C 160C1 57Îi 20C» 26 c1 1 8
81 4 c 2561 92! 32! 4 1 1 0
6C c 200C 192; 6£1 301 101 1 1 10
6C G 200C 192: 691 24ί 4^ 1 1 10
15C 6 355C 384 1361 481 81 1 1 0
10C 5 400C 3201 116; 401 5; 1 1 0
40 2 1000 128; 46; 16; 3! 1 1 0
60 3 1500 192 691 15I 4 1 1 0
50 2.5 2000 96 46; 201 31 1 1 0
100 4 2000 256 92: 32 4 1 10
40 2 1000 128 46; 16 3 1 0
60 3 2100 192 69 24 4 ■ 1 0
40 2 1500 128 46 10 2 1 1 0
100 5 0 320 115 45 10 1 10
330 15 7500 960 345 120 18 1 1 0
168 7 3000 448 46 56 7 ‘ 1 8
120 4 2400 256 92 18 4 1 1 8
76 3 1800 192 69 24 4 1 1 14
22 1 700 64 23 8 1.75 1 1 6
80 4 2400 256 92 32 5 1 1 5
60 3 1200 192 69 30 4 -j 1 0
1200 60 30000 0 1380 480 68 0 1 5
250 12 14000 768 276 96 13 1 1 0
100 4 3200 256 92 32 4 1 1 10
100 4.5 2500 288 115 36 5 1 1 14
40 2 1100 128 46 16 3 1 1 8
110 5 3500 320 115 40 6 1 1 0
100 5 4000 160 230 40 6 1 1 10
120 6 4200 384 138 48 6 1 1 0
30 1.5 1200 96 46 12 2 1 1 0
120 4 2400 288 92 32 5 1 1 0
800 32 32400 2048 736 256 35 1 1 8
24 1 560 64 2 3 8 2 1 1 0
88 4 2800 128 184 32 5 1 1 0
120 6 4800 384 138 48 7 1 1 0
378 14 9800 896 414 112 14 1 1 16
40 2 1400 128 46 16 2 1 1 0
100 5 4000 320 115 40 6 1 1 0
100 5 4000 320 115 40 6 1 1 0
400 12 9600 768 276 96 14 1 1 5
25 1 700 64 23 8 1 1 1 0
70 3 720 288 0 18 12.5 1 1 0
90 5 2400 736 0 33 12.5 1 1 10
40 3 1200 192 69 15 12.5 1 1 0
50 5 .5 2640 352 138 24 12.5 1 1 0
83
ЮС { 320С 76Í5 18^ \ 6^ 12.Î) 11 1 0
7ί Í 160С 32С) С) ЗС) 12.Í) 1 1 0
ЮС ■; 480С 96С) 23С) 6С) 265 1 1 0
5f 4.Î 180С 44£Í С) 36) 26 - 0
4ί 4.Í 144С 2861 С) 36) 26і 1 1 2
2C 2 250С 256 46) 20) 6! 0) 01 0
ЗС 3 250С 384 6£) 25і 61 01 01 0
21С 6 52С 384 С) 42! 52: 1 01 0
8С 4 120С 256і 0) 801 4 01 01 0
3 0.5 200С 3201 92Î 801 151 1 0 0
55 5 С 1601 115; 501 51 01 0 0
40 4 С 32: 01 201 4 0' 0 0
70 2 1000 64 231 121 4 0 0 0
45 2500 3201 1151 25. 27 1 0 8
30 2 1050 128 46; 101 3; 0 0 0
25 1 900 96 231 5 6 0 0 0
18 1 820 96 46 5 2 0 0 0
70 3 1500 160 46 15 4 0 0 0
40 2 1200 96 46 10 3 0 0 0
40 3 3000 288 69 20 3 0 0 0
160 8 700 1024 368 100 8 0 0 5
50 2 1200 128 0 10 5 - 0 0
90 4.5 1500 384 207 25 15 1 0 0
63 2.5 775 256 115 30 5 0 0 0
160 4.5 720 416 115 20 4.5 0 0 0
60 2 1200 192 46 8 2 0 0 0
80 2.5 0 256 69 12 3.5 0 0 6
50 1 220 96 0 8 2 0 0 3
120 4 400 384 92 25 16 0 0 7
70 6 2400 480 230 54 16 1 0 0
50 3 0 288 0 20 8 1 0 0
80 3 400 192 0 20 8 1 0 14
15 1.5 1115 64 23 12 8 1 0 0
50 1 700 128 46 6 2 0 0 0
30 2 700 64 23 10 22 0 0 1
60 3 1000 64 46 21 4 0 0 0
26 2 0 192 46 10 4 0 0 0
90 3 600 192 69 15 4 0 0 0
30 2.5 800 192 92 20 3 0 0 0
15 1 0 0 69 8 10 1 0 5
35 4 0 96 0 30 4 0 0 3
80 8 0 512 184 70 8 0 0 0
40 2 1000 192 46 12 3 0 0 4
25 2 1000 128 69 6 5.5 0 0 0
50 2 0 64 92 10 2 0 0 0
50 2 1000 128 0 10 2 0 0 0
45 3 1170 256 184 24 12 1 0 0
45 4 2400 128 92 16 50 1 0 0
4 0.5 200 32 0 3 3 1 0 0
20 1 0 64 23 6 1 0 0 0
14 2 540 96 46 12 26 0 o| 4
84
1ί 1 ЮОС 6^ [ 46) 6i 1C) 1 c) 0
5C 2 150С 256) 1361 16 c) c) 0
32 2 90С 192Î 46i ^A Al· c) c) 0
ЗС 1.5 45С 1261 С) 6ί 3( c) c1 12
ЮС 6 240С 38Аl· с) 481 16¡ c1 c1 0
ЗС 1.5 С 1281 46i 8l 31 C1 c1 0
ЮС 6 2760 576і 276¡ 301 8! 01 01 0
8С 4 1920 256і С1 201 25; 1 01 10
10 0.5 300 32: 221 31 2: 01 01 0
40 1.5 770 1281 46; 31 3; 0' 0 0
50 1.5 750 1601 46i 9 1 2.5i 0 0 0
100 3 750 256і 6 9 1 18; 4 0 0 0
130 3 1860 288; 1381 21 4 0 0 0
36 1 260 64 231 5 4 0 0 0
115 4 2380 384 92 20 6 0 0 0
45 - 450 96 0 5 2 0 0 5
30 1 600 64 23 4 1 0 0 0
24 2 0 64 23 10 4 0 0 0
30 1.5 1160 96 0 7 3 0 0 0
640 16 4800 1024 368 80 40 1 0 0
90 4 1500 256 46 16 6 0 0 0
50 4.5 2000 288 115 16 4.5 0 0 1
40 - 960 96 23 3 2 0 0 0
80 2 0 192 0 8 4 0 0 0
22 2 960 96 0 8 2 0 0 0
12 1 250 96 23 5 2 0 0 0
30 2 960 128 0 8 5 0 0 0
120 3 1750 288 69 15 4 0 0 0
36 3 1200 192 92 40 12 0 0 5
125 4 600 192 92 24 4 0 0 0
15 1 500 128 23 5 4 1 0 0
130 14 4000 960 322 80 14 1 0 5
100 6 600 576 138 48 14 1 0 0
15 2 1080 96 23 16 15 1 0 0
60 3 800 288 69 24 8 0 0 0
15 4 1200 128 46 40 15 1 0 5
30 2 2400 384 92 40 8 1 0 0
18 1.5 0 192 46 20 8 1 0 0
10 1 700 128 23 10 12 1 0 10
40 6 2500 768 138 40 18 1 0 0
100 10 8250 1280 230 80 25 1 0 4
150 9 10000 0 897 320 125 1 0 16
24 3 1200 128 69 40 6 0 0 5
30 3 720 288 23 40 6 0 0 10
66 6 3200 768 184 80 16 0 0 0
102 12 15000 768 276 120 12 0 0 0
75 5 8500 1120 345 120 15 0 0 5
94 18 2700 1216 414 120 20 0 0 0
50 7 5040 672 161 70 16 0 0 0
165 14 4820 448 230 80 16 0 0 0
80 5 3000 480 115 40 11.5 1 0 0
85
14f £ 120C 576 138( 4C) £J () c) 5
ЮС £ 75C 384 184 6C) 5i C) c) 0
5C e 300C 512! 138( 6C1 6i () c) 5
32 2 300C 1281 281 2C1 2! 1 c) 5
50C 24 960C 160C1 575; 36C1 3C1 1 c) 16
3£ 8 140C 512: 184ί 96i 81 C1 c1 0
6£ 12 180C 384 276; 121 16; c1 c1 5
4C 6 300C 7681 1381 601 401 1 01 16
15C 5.5 2000 3201 115i 801 14 1 01 5
6 1.5 0 1281 461 18i 61 01 01 4
18 1.5 1200 64 231 101 1.5i 01 0' 0
150 13 9100 1664 2991 254 65 1 0 14
80 5 2500 480 161 401 5 0' 0 5
90 3 700 288 69' 30' 12 0' 0 0
276 18 6 600 1792 414 180 37 1 0 4
13 4 1600 32 0 69 40 4 0 0 4
140 7 6 9 7 0 4 4 8 161 80 7 0 0 5
666 27 70 0 0 25 9 2 621 2 1 6 28 1 0 0
2 2 6 14 0 1344 6 4 4 2 8 0 30 1 0 14
70 4 1200 3 8 4 92 4 0 8 0 0 0
76 6 2 2 0 0 3 8 4 92 40 12 0 0 0
175 13 3 0 0 0 832 276 160 15 1 0 1
80 4 8 0 0 2 5 6 92 40 4 0 0 0
2 0 0 16 11000 2 0 4 8 529 160 16 0 0 5
115 6 7 0 0 0 5 7 6 138 60 8 1 0 12
80 3 900 2 8 8 92 56 4 1 0 12
140 7 .5 9 1 0 0 4 8 0 161 187 8 0 0 0
100 4 2 0 0 0 2 5 6 92 40 8 0 0 0
120 10 1800 320 0 80 10 0 0 5
5 0 0 2 0 10000 1280 460 4 0 0 24 1 0 10
6 0 0 40 2 7 0 0 0 0 920 280 100 1 0 6
50 5 1600 4 8 0 0 50 27 1 0 12
15 1 4 0 0 96 0 10 2 1 0 10
133 30 10000 22 4 0 690 2 0 0 98 1 0 7
18 2 1200 192 46 23 8 1 0 10
60 3 1250 192 69 30 40 1 0 10
170 17 2 3 8 0 1760 184 170 28 1 0 10
50 5 1200 4 8 0 115 50 8 0 0 0
16 2 5 0 0 192 92 12 2 0 0 5
30 3 2 0 0 0 256 92 26 3 0 0 12
17 4 6 0 0 2 5 6 4 6 50 5 1 0 0
18 3 2 5 0 0 384 69 2 4 5 1 0 0
2 7 5 1000 160 69 100 5 1 0 5
12 2 1500 128 0 16 2 1 0 5
8 2 1000 64 4 6 15 8 1 0 0
14 3 36 0 0 192 23 20 3 1 0 0
15 3 2 5 0 0 96 69 36 3 1 0 0
50 4 150 128 92 32 2 0 1 0 0
74 5 1700 2 5 6 138 40 5 1 0 0
20 4 2 0 0 0 256 0 2 4 5 1 0 5
108 30 7 0 0 0 1920 0 2 0 0 100 1 0 10
86
87
6C G ЮОС 192Î 465 18i 12> С) с) 0
зс с 143С 192! С) ЗС) IC С) с) 5
зс 2.£ 50С 128t 6£) 20) 4 1 с» 13
12 С 120С 6^ 118і 50) 16i 1 с1 8
6С 2 75С 1281 46) 16¡ 8! С1 с1 0
8С 8 240С 512Î 184 801 12: с1 с1 0
8£ 8 250С 576¡ С) 901 12: с1 01 5
9С е 60С 192: 138; 481 12: 01 01 0
6С 8 240С 256і 184 801 101 01 01 0
9С 8 200С 384 184ί 64 18і 01 0 5
ЗС 2 500 1601 46I 12: 5і 0 0 5
70 8 3000 512: 184 801 16і 0 0 0
18 3.5 1200 1601 92! 401 4 1 0 0
40 3 750 192 01 24 6 0 0 0
20 2 500 96 0' 14 2 0 0 8
60 2 900 32 0 20 10 0 0 0
15 1 200 64 23 10 4 0 5
10 - 450 64 46 10 5 - 0 5
40 3.5 1000 0 0 40 6 1 0 0
12 2 300 64 46 20 5 1 0 0
18 2 500 128 46 20 2 1 0 0
30 3 900 192 69 30 10 1 0 0
80 8 4000 512 184 80 28 1 0 5
20 2 1000 128 46 20 20 1 0 14
70 6 3500 192 69 60 14 1 0 10
20 2 600 64 46 20 8 1 0 6
22 2 1500 192 138 60 13 1 0 0
40 4 0 256 92 40 12 1 0 7
40 2.5 0 160 69 30 12 1 0 0
10 1 500 32 0 10 4 1 0 0
60 4 480 128 92 40 80 0 0 4
6 1 240 32 23 8 11 1 0 0
15 1 150 32 0 10 14 1 0 14
35 3 1100 96 69 40 5 0 0 0
20 2 1000 128 0 20 3 1 0 0
22 1 200 64 23 8 7 0 0 0
26 2 750 128 0 20 5 0 0 4
40 3 1500 192 0 30 8 0 0 5
4 1 500 64 23 10 3 0 0 0
16 2 1000 128 46 20 12 1 0 6
48 7 7000 224 161 70 10 1 0 4
5 0.5 175 32 23 7 3 1 0 0
20 3 3000 320 115 35 5 0 0 0
60 10 3000 960 230 100 12 0 0 0
12 1.5 200 64 23 8 3 1 0 0
10 4 2600 64 0 40 4 1 0 0
5 1 1500 32 0 8 5 1 0 0
8 1 500 64 23 10 2 1 0 0
80 5 2700 320 115 50 5 0 0 5
14 1 1320 256 92 40 5 0 0 5
5 1 800 96 0 15 1 0 0 5
88
10
20
50
30
13
5
24
30
90
8
100
85
65
8
90
5
20
18
75
32 
20 
10 
16
33
2
3
12
2.5
2.5 
1 
3
3 
12
2
10
7
4 
2
3 
0.5
4 
2 
6
1.5 
4 
2 
3 
3
300
1050
4000
975
1600
о
1050
3000
6000
740
10000
1600
900
2000
3000
750
4000
2000
3600
850
1500
1000
900
900
64
192
320
160
128
64
192
192
768
128
640
192
96
128
96
32
256
128
384
144
128
96
384
192
23
69
115
46
23
46
69
69
276
46
230
46
46
46
69
о
92
46
138
46
92
о
о
о
20
30
120
18
30
10
30
30
96
20
80
60
40
20
30
16
40
20
60
38
40
20
15
45
6
20
56
5
5 
1
6 
5
80
4
25
15
4 
7 
7
5
4 
7
25
5
16 
3 
5
10
о
0
1 
о 
о
0
1 
1 
о
0
1 
1 
1
0
1 
1 
1
0
1
о
0
1 
о 
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
о
3 
2 
о 
о
4
5 
21
о
12
5
5
5
4
5
5
6 
10
о
5
3
о
2
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